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University of Pennsylvania School of Engineering and Applied Science 
Department of Chemical & Biomolecular Engineering 
220 South 33rd Street 
Philadelphia, PA 19104 
 
April 14, 2015 
 
Dear Mr. Fabiano, Dr. Seider, and Mr. Brostow, 
 
Enclosed are our proposed process designs for extraction of NGL and LPG from 
Marcellus Shale gas, as specified in a problem statement by Mr. Adam Brostow of Air Products 
and Chemicals. This process produces 1,141,400 lb/hr of residue gas, 38,700 lb/hr of ethane, 
72,300 lb/hr of propane, and 70,100 lb/hr of butane given a specified natural gas feed of six 
million metric tons per annum. Production was assumed to operate 24 hours per day and 330 
days per year. The following report details the overall process, equipment specifications, 
estimated costs, and an economic analysis.  
The method which we found optimized the total process calls for two intermediate 
reboilers running in series within the heavy removal column. Similar to the Ortloff’s Gas 
Subcooled Process, this design allows for the system to take advantage of warm streams exiting 
heat exchangers streams to provide further heating to other streams before being removed from 
the entire process, instead of having to purchase further utilities for every individual heat 
exchanger. The products leaving the phase separator are separated using heat exchangers, 
pressure drops, and distillation columns. 
Our process design solution yields a net present value of $166.0 million, with an internal 
rate of return of 32.3%. We have determined that at current prices of the raw feed and main 
products (C1-C4), this process is indeed profitable despite the high equipment and utilities cost. 
 
 
 
Sincerely, 
 
 
             
Jocelyn Champagne  Freddy Ordoñez  Zhiyi Zhang 
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Abstract 
 
 
This process describes a design in which 6 million metric tons per annum of Marcellus 
Shale Gas is separated into its components through heat exchangers, pressure drops, and, finally, 
flowing through distillation columns. The goal was essentially to remove all of the methane gas 
as the overhead product of the heavy removal column and use the subsequent columns to fraction 
off heavier hydrocarbons. Heat exchangers could not remove sufficient heat from the feed prior 
to entering the columns and as a result, the overhead product for the heavy removal column 
consists of 84% by mole of methane and 15% by mole of ethane. Essentially all of the methane 
is being removed with the overhead product of the HRC but 85% of ethane is being removed 
here as well. By selling the major product (ethane) and the byproducts (propane and butane), our 
process design solution yields a net present value of $166.0 million, with an internal rate of 
return of 32.3%. The high profitability is secured in a sensitivity analysis on the ethane selling 
price, the total permanent investment, and the total fixed cost. 
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Introduction and Objective Time Chart 
 The Marcellus Shale is a low density, organic rich formation that spans throughout Ohio, 
West Virginia, Pennsylvania, New York, and small areas of Maryland, Kentucky, Tennessee, 
and Virginia. This formation is shown in Figure 1. The depth of the Marcellus Shale varies 
between 2000 to 8000 feet. Due to the great depths, successful wells must yield a large enough 
volume of gas to pay for highly expensive drilling costs. In early 2015, the Marcellus Shale yield 
was about 14.4 billion cubic feet of natural gas 
per day and accounted for over 36% of the 
shale gas produced in the United States [14]. 
Natural gas must meet certain quality 
specifications before it can be fed through a 
pipeline. The “dry” natural gas that is used as 
fuel contains mainly methane and ethane. 
Compounds that must be removed from natural 
gas can include hydrogen sulfide, carbon 
dioxide, nitrogen, water, oxygen, and heavier 
hydrocarbons. The heavy components  are 
removed to prevent freeze up in the heat exchangers, maintain the heating value, and recover 
valuable NGL and LPG products. Although composition varies with depth and specific well 
location, the Marcellus Shale gas typically has a very small amount of carbon dioxide and 
nitrogen, which is very beneficial in the natural gas processing industry.  
The wellhead composition of the Marcellus Shale gas requiring processing is 77.5 mole 
% methane, 15.7% ethane, 3.9% propane, 1% n-butane, 1% iso-butane, 0.4% n-pentane, 0.2% 
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iso-pentane, 0.4% hexane, and 49PPM benzene. The carbon dioxide and water are assumed to be 
removed, but the presence of benzene is a problem because its freezing point is approximately 
42°F [2]. As previously mentioned, benzene and other heavy hydrocarbons can cause freeze up 
in process units, so they must be removed from the raw natural gas. 
This project has been designed to process six million metric tons of Marcellus Shale gas 
per operating year and recover residue gas, ethane, propane, and butane per the specifications of 
Mr. Adam Brostow of Air Products and Chemicals. The first major specification of the project 
given by Mr. Brostow was to obtain an overall residue gas purity of less than 0.1% pentane and 
hexane and less than 2ppm of benzene at a final exit pressure of 1,100 psig. The other 
specifications were to obtain an ethane purity of <1.5% methane and <1.5% propane, a propane 
purity of <1% ethane and <1% butane, and a butane purity of <1% propane and <1% pentane, 
hexane, and benzene. The ethane, propane, and butane production was to be maximized with the 
examination of the need for a demethanizer as well as various reboiler options in the main 
heavies removal column (T-100). The minimum approach temperatures required by Mr. Brostow 
were 10°F for aftercoolers and condensers and 5°F for other heat exchangers. The final pressure 
of the residue gas must be 1,100 psig. The project scope involves the use of Aspen Plus to create 
and simulate the overall process. A strong focus is placed on perfecting the series of distillation 
towers required to separate each component of the raw natural gas. The second focus is to have 
effective heat integration to reduce the need for outside utilities.  Analysis of potential designs 
for economic feasibility through the calculation of utility requirements, cost of equipment items, 
and consideration of feed and product prices will determine the best course of action. The design 
of this process was completed over the span of three to three and a half months with some initial 
research done a few months prior. 
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Market and Competitive Analyses 
Since 2010, Marcellus shale gas production has been growing dramatically, and it 
currently has the largest dry shale gas production in the United States (Figure 2). The direct 
effect of the large and increasing shale gas production is that natural gas prices have plummeted 
in the United States because of excess supply. From 2007 to 2012, the average natural gas price 
prices in the United States decreased from a peak of $13 per mmbtu to below $2 per mmbtu over 
the course of five years. Given the fact that natural gas, particularly Marcellus shale gas in this 
process, is the single raw material of the NGL/LPG extraction process, an excessive supply of 
shale gas and its low price indicate a reduction in the production cost of the extraction process, 
and therefore an opportunity for growth in the NGL/LPG extraction industry. 
 
Figure. 2 US Monthly Shale Gas Production 
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As a result of the Marcellus shale boom, the production of natural gas liquid in the east 
coast region (PADD 1) significantly increased starting from 2012. Also, as one of the most 
important products of shale gas extraction processes and the major product of our process, ethane 
has its production increased more than ten times from 2000 to 2015 in the east coast region. This 
soaring production signals a highly profitable industry of NGL/LPG extraction from shale gas.  
 
 
 
Given the booming prospect of the ethane and natural gas liquids production in the 
Marcellus region, producers are still slow in dominating the ethane and NGL/LPG supply from 
shale gas. The need of high capacity production and its large scale of process infrastructure 
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require producers to invest a tremendous amount of capital investment and a substantial 
design/construction period to execute any proposed NGL/LPG extraction project. By taking 
advantage of low raw material cost, high profitability of production, and the high entry barrier of 
the process, our process is projected to benefit from the promising market and comparative 
advantage.  
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Preliminary Process Synthesis 
 
 The major concern with the process involved obtaining a high methane purity in the 
residue gas. Initially, the condenser in the heavies removal column (T-100) enabled us to achieve  
high methane purity. However, upon removal of the condenser to provide reflux via stream 10 
only, as shown in Figure 3, the methane purity was unable to reach those initial values. We 
decided not to use a methane refrigeration system since the residue gas consisting of only 
methane and ethane could still be sold at high value. With the methane purity locked at a 
maximum of about 83 mole % at 275 psia, the concern then shifted to the boilup ratio required to 
minimize the amount of ethane and propane in the residue gas so a greater volume of pure 
products could be obtained. The T-100 boilup ratio was determined by running a sensitivity 
analysis to find the value that maximized the amount of ethane and propane in the bottoms 
product. Although greater methane purity was not obtained in the residue gas, the amount of 
methane present in the bottoms was extremely low, thus eliminating the need for a demethanizer. 
After this initial process was analyzed, a number of additional process designs were compiled 
before making a final selection. Their corresponding Aspen flowsheets are presented and 
discussed below. 
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Figure 3: Process flowsheet for a typical reboiler case in T-100. 
 
In the first design already depicted in Figure 3, the heavies removal column (T-100) was 
operated with a typical reboiler. This design was ultimately rejected because the overall process 
has many options for more efficient heat integration. There are many streams that can provide 
heat to the heavies removal column since its maximum temperature is only around 120°F. 
The next adjustment made to the heavies removal column involved an intermediate 
reboiler that used a fraction of the 80°F feed stream to heat the liquid. The abbreviated Aspen 
flowsheet (not showing the deethanizer, depropanizer, and debutanizer) for this setup is 
presented in Figure 4. 
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Figure 4: Process flowsheet for the intermediate reboiler case using the 80°F feed stream. 
 
 Due to the 5°F minimum internal temperature approach required for the intermediate 
reboiler, the maximum temperature of the partially vaporized stream going back in T-100 was 
locked at 75°F. This limited the stage number at which liquid was removed from the column, 
since the liquid coming out of lower stages was hotter than 80°F (and heat exchange would not 
occur). Therefore, the intermediate reboiler case using the natural gas feed was not considered 
the most efficient setup. 
Many of the product streams from the deethanizer (T-101), depropanizer (T-102), and 
debutanizer (T-103) were hotter than the 80°F natural gas feed and also required heat removal. 
The bottoms product coming out of the debutanizer was above 300°F. The next flowsheet 
modification involved the use of this product to heat the intermediate reboiler since it could take 
the temperature of the liquid coming from the column to a higher value than that obtained just 
with the 80°F feed. The flow diagram involving this process is shown in Figure 5 on page 18. 
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Since the fraction vaporized in the intermediate reboiler case discussed above was quite 
low (0.076), the final modification involved the use of the n-butane and iso-butane product 
stream of the debutanizer. This 189°F butane product stream would have had to be cooled 
anyway, so another heat exchanger was added in series to the first intermediate reboiler. This 
was examined as a way to further reduce the reboiler duty by increasing vapor fraction of the 
stream returning to the column while also reducing cooling water costs required for the butane 
product. The flow diagram corresponding to this process is shown in Figure 6 on page 20. 
 
 
Assembly of Database 
 
 In this project, the Peng-Robinson property method was used from Aspen Plus version 
8.6. This property method was chosen after running into problems with the REFPROP method. 
Although REFPROP was initially recommended, it did not produce a convincing PT envelope. 
The PT envelope had to be examined before construction of the heavies removal column (T-100) 
in order to determine the critical pressure. Because all components of the natural gas feed are 
hydrocarbons, Peng-Robinson is an appropriate choice [1]. 
 
 
Process Flow Diagram and Material Balances 
 
 The chosen process flow diagram with an intermediate reboiler plus second heat 
exchanger in series is depicted in Figure 6 with its corresponding material balance sheet in Table 
2. The process flow diagram for the single intermediate reboiler case is presented in Figure 5 
with its corresponding material balance sheet in Table 1. 
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Figure 5: Process flow diagram for the single intermediate reboiler case. 
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Table 1: Stream summary table for the single intermediate reboiler case. 
 20 
Figure 6: Process flow diagram for the intermediate reboiler plus heat exchanger in series case. 
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Table 2: Stream summary table for the intermediate reboiler plus heat exchanger in series case.  
 22 
Process Description 
I. Production of Residue Gas 
The process depicted in Figure 6 on page 20 begins with Marcellus Shale gas with a 
normalized composition of 77.5 mole % methane, 15.7% ethane, 3.9% propane, 1% n-butane, 
1% iso-butane, 0.4% n-pentane, 0.2% iso-pentane, 0.4% hexane, and 49PPM benzene, as 
previously mentioned. The natural gas feed (stream 1) at 80°F and 764.7 psia is partially 
liquefied via a heat exchanger, E-100. The feed leaves E-100 as stream 2 at 26.1°F and 757.7 
psia, assuming a 7 psia pressure drop. It is then sent to V-100, an adiabatic flash vessel (or phase 
separator). This phase separator attempts to make the heavies removal column more efficient by 
sending feed with an increased fraction of methane (vapor) to the top of the column and feed 
with a lower methane composition (liquid) to the bottom of the column. The liquid from V-100 
is sent to a Joule-Thomson valve, through which it is expanded, dropping its pressure 275 psia to 
match that of T-100 (the heavies removal column). This expanded liquid enters T-100 above 
stage 6 as stream 5. The vapor from V-100 (stream 3) is split into two streams, 6 and 7, which 
are sent to the expander, EXP-100, and the second heat exchanger, E-101, respectively. This split 
is 80% to EXP-100 and 20% to E-101. EXP-100 drops the pressure to that of T-100 (275 psig) 
and this new stream 8 enters above stage 3. EXP-100 provides energy to the first compressor, C-
100, which is discussed later. The stream sent to E-101, 6, exits as stream 9 and then enters 
another Joule-Thomson valve, through which it is also expanded 275 psia. This setup is chosen 
such that the vapor-liquid mixture entering T-100 above stage 1 can serve as reflux for the 
column and eliminate the need for a condenser. The -62.8°F distillate from T-100, stream 11, 
serves as the cold feed into both E-100 and E-101. It leaves E-101 as stream 12 at -23.6°F and 
268 psia and leaves E-100 as stream 13 at 75°F and 261 psia. This stream is sent through a 
compressor, C-100, which is powered strictly by EXP-100, and leaves as stream 14 at 131.6°F 
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and 389.4 psia. Stream 14 enters an aftercooler, E-102, and the exit stream 15 is 100°F and 384.4 
psia. This aftercooler prevents the temperature of the product from getting too high in between 
C-100 and C-101, the booster compressor. Stream 15 enters C-101, in which it is brought to 
1119.7 psia as stream 16. Stream 16 is cooled from 250.5°F to 100°F and 1114.7 psia in a second 
aftercooler, E-103. Thus, the residue gas product leaves at 100°F and the required 1100 psig 
specified in the problem statement by Mr. Brostow. This product is approximately 83.5 mole % 
methane, 14.8% ethane, 1.5% propane, 0.0443% n-butane, 0.0748% iso-butane, 0.002% n-
pentane, 0.0015% iso-pentane, 0.0001% hexane, and 30 PPB benzene, which also meets the 
specifications of the problem statement. 
It must also be mentioned that the compressor setup chosen was analyzed in an attempt to 
eliminate the need for the two C-100 and C-101 compressors. The overall compression ratio was 
4.29 (less than the critical five), so we thought it might be more productive to make the 
compression a one step process partially powered by EXP-100. In essence, one compressor and 
one aftercooler would have been used, with an electric motor installed in the compressor to make 
up for the extra horsepower needed that EXP-100 could not provide. However, upon further 
research, we learned that it was not possible to achieve this setup with the added motor. 
Therefore, we had to stick with our initial setup of two compressors and two aftercoolers. 
 
II. NGL/LPG Production 
The second stage of our process is a sequence of three distillation columns. The bottoms 
leaves T-100 as stream 18 at 113.7°F and 276.7 psia. It is sent through a pump, P-100, in order to 
bring its pressure up to the 550 psia of T-101, the deethanizer. This exit stream 19 enters T-101 
above stage 14. T-101 has a partial vapor condenser, E-105, and reboiler, E-106. Stream 20 is the 
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ethane vapor coming off the top of the column at 69.9°F and 550 psia. Its composition 0.0039 
mole % methane, 99% ethane, 1% propane, 978 PPB n-butane, and 0.0004% iso-butane, with 
trace amounts of n-pentane, iso-pentane, hexane, and benzene. Stream 21 is the bottoms product 
exiting at 265.7°F and 555.6 psia, which is sent to T-102, the depropanizer, above stage 15. The 
depropanizer operates at 300 psia and has a total condenser, E-107, and reboiler, E-108. Stream 
22 is the propane liquid, which leaves T-102 at 137°F and 300 psia. Its composition is 0.5 mole 
% ethane, 99.1% propane, 0.0492% n-butane, and 0.4% iso-butane, 69 PPB n-pentane, 102 PPB 
iso-pentane, and trace amounts of methane, hexane, and benzene. 
Stream 23 is the bottoms product exiting at 264.4°F and 305.1 psia. The bottoms product 
is sent to stage 16 of the debutanizer, T-103, which operates at 200 psia with a total condenser, 
E-109, and reboiler, E-110. Stream 24 is the liquid consisting mainly of n-butane and iso-butane 
at 189.1°F and 200 psia. Its composition is 0 mole % methane, trace amounts of ethane and 
benzene, 0.9% propane, 50.1% n-butane, 48.9% iso-butane, 0.0406% n-pentane, 0.0918% iso-
pentane, and 4 PPB hexane. 
Stream 25 is the heavies product at 310.1°F and 205.4 psia. Its composition is 0 mole % 
methane, trace amounts of ethane and propane, 1.6% n-butane, 0.05% iso-butane, 39.1% n-
pentane, 19.4% iso-pentane, 39.4% hexane, and 0.5% benzene. This stream serves as the hot 
feed to the intermediate reboiler in T-100 and leaves the intermediate reboiler at 85.6°F as stream 
26. Stream 24 serves as the hot feed at 189.1°F for the heat exchanger in series with the 
intermediate reboiler and leaves at 92.8°F as stream 30. The exit stream from stage 11 of T-100 
is labeled stream 27 and enters the intermediate reboiler at 80.6°F. After heat exchange with 
stream 25 heavies, it reaches 87.8°F with a vapor fraction of 0.125 as stream 28. Stream 28 
enters the second heat exchanger at this temperature and leaves at 92.5°F with a vapor fraction of 
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0.199 as stream 29, which is fed back to T-100 on stage 12. This setup has been chosen over the 
single intermediate reboiler case presented on page 18 because a vapor fraction of 0.125 is quite 
low. Since the stream 24 butane cannot be sold at 189.1°F, it must be cooled. This would have 
necessitated installation of another heat exchanger regardless of the final flowsheet chosen. 
However, the use of the T-100 feed to cool stream 24 saves us from paying for more cooling 
water. The added heat exchanger in series with the intermediate reboiler further increases the 
vapor fraction such that the T-100 reboiler duty decreases while simultaneously cooling stream 
24. 
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Energy Balance and Utility Requirements 
 
I. Cooling Water and Chilled Water 
Table 3 specifies requirements for the cooling water, chilled water, and heated water 
using in the process. Cooling water is used in the E-102 and E-103 aftercoolers to bring the 
residue gas down to 100°F in each case. Chilled water is used in the deethanizer condenser, E-
105 to bring the ethane product down to 69.9°F. Heated water must be used for the reboiler to T-
100, E-104, and the condenser for T-103, E-109, in order to satisfy the ten degree temperature 
approach requirements. The E-104 reboiler water cost was only calculated for a two-week period 
because the water supply will come from the E-109 condenser after initial plant startup. 
 
Unit Description Type of Water Demand (gal/yr) Cost ($/yr) 
E-102 
Aftercooler 
Cooling 625,127,100 $62,500 
E-103 
Aftercooler 
Cooling 3,760,675,666 
 
$376,100 
E-104 
Heavies Removal 
Column Reboiler 
Heated (185°F) 16,006,300* $1,600* 
E-105 
Deethanizer 
Condenser 
Chilled N/A $870,100 
E-107 
Depropanizer 
Condenser 
Cooling 1,681,105,400 $168,100 
E-109 
Debutanizer 
Condenser 
Heated (178°F) 13,745,744,500 $392,700 
 
TOTAL COST   $1,871,100 
 
Table 3: Cooling water, chilled water, and heated water requirements for the process. Heated water is provided by a 
water heater and steam. *These values are calculated for a two-week period of plant startup because the water 
provided to E-104 will eventually be the hot water product coming out of E-109 at 185°F. 
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II. Steam 
Table 4 gives a list of the steam requirements needed for the process. The deethanizer 
reboiler, E-106, must use steam in between so-called “low” and “medium” pressure steam, so a 
price of $6.50/1000 lb was used. The depropanizer reboiler, E-108, can use medium pressure 
steam. The debutanizer reboiler is able to use high pressure steam. Steam must also be used to 
heat the water for the E-104 reboiler and E-109 condenser. Low pressure steam was chosen for 
this task. 
Unit Steam Pressure Demand (lb/yr) Cost ($/yr) 
E-106 
Deethanizer 
Reboiler 
73 psi 409,533,800 $2,662,000 
E-108 
Depropanizer 
Reboiler 
150 psi 324,191,400 
 
$2,269,300 
E-110 
Debutanizer 
Reboiler 
450 psi 276,894,000 
 
$2,215,200 
Water Heater for 
Heated Water going 
to E-109 
50 psi 3,175,267,000 
 
$19,051,600 
Water Heater for 
Heated Water going 
to E-104 
50 psi 11,323,500* $67,900* 
TOTAL COST   $26,266,000 
Table 4: Steam requirements for the process. Note: since 73 psi steam prices are not given, a price of $6.50/1000 lb 
was used. *These values are calculated for a two-week plant startup period since the water provided to E-104 will 
eventually come from E-109. 
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III. Electricity 
 
Table 5 demonstrates electricity requirements and is given below. Electricity must be 
supplied to the booster compressor and all of the pumps. 
 
Unit Demand (HP or kW) Cost ($/yr) 
C-101 
Booster Compressor 
34,779 HP $14,383,900 
P-100 
Heavies Removal 
Column Pump 
143.81 kW $79,700 
P-101 
Deethanizer Pump 
34.34 kW $19,000 
P-102 
Depropanizer Pump 
12.5 kW $6,900 
P-103 
Debutanizer Pump 
8.4 kW $4,700 
TOTAL COST  $14,494,200 
Table 5: Electricity requirements for the process. 
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Equipment List and Unit Descriptions 
 
Table 6, shown below, lists the equipment required for the process described in Figure 5. The 
unit descriptions are provided in the pages following this table. 
Unit	  
No.	   Unit	  Type	   Function	   Material	  	   Size	  
Operating	  
Conditions	  
C-­‐100	   compressor	   Increase	  pressure	  of	  overhead	  	   Stainless	  Steel	   Pc	  =	  11700	  hp	  
T	  =	  132oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =390	  psia	  
C-­‐101	   compressor	   Increase	  pressure	  of	  overhead	  	   Stainless	  Steel	   Pc	  =	  34700	  hp	  
T	  =	  262oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =1120	  psia	  
E-­‐100	   Heat	  Exchanger	  
Cool	  feed	  with	  overhead	  
product	  
Brazed	  
aluminum	  
no.	  of	  cores	  =	  7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Q	  =	  5.93	  x	  107	  Btu/hr	  
T	  =	  24.5oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =758	  psia	  	  	  	  	  	  	  	  	  	  	  
E-­‐101	   Heat	  Exchanger	  
Cool	  vapor	  from	  feed	  with	  
overhead	  
Brazed	  
aluminum	  
no.	  of	  cores	  =	  3	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Q	  =	  2.46	  x	  107	  Btu/hr	  
T	  =	  -­‐58.3oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  751	  psia	  
E-­‐102	   Aftercooler	   Cool	  overhead	  product	  with	  water	   Stainless	  Steel	  
A	  =	  20,600	  ft2	  	  	  	  	  	  	  	  	  	  	  	  	  
Q	  =	  1.98	  x	  107	  Btu/hr	  
T	  =	  100oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  385	  psia	  
E-­‐103	   Aftercooler	   Cool	  overhead	  product	  with	  water	   Stainless	  Steel	  
A	  =	  21,735	  ft2	  	  	  	  	  	  	  	  	  	  	  	  	  
Q	  =	  1.19	  x	  108	  Btu/hr	  
T	  =	  100oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  1110	  psia	  
E-­‐104	   Reboiler	   Generate	  vapor	  returned	  to	  column	   Stainless	  Steel	  
A	  =	  1570	  ft2	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Q	  =	  1.88	  x	  107	  Btu/hr	  
T	  =	  114oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  262	  psia	  
E-­‐105	   Condenser	   Provides	  the	  reflux	  required	   Stainless	  Steel	   A	  =	  7850	  ft
2	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Q	  =	  2.11	  x	  107	  Btu/hr	  
T	  =	  68.9oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  550	  psia	  
E-­‐106	   Reboiler	   Generate	  vapor	  returned	  to	  column	   Stainless	  Steel	  
A	  =	  4540	  ft2	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Q	  =	  4.64	  x	  107	  Btu/hr	  
T	  =	  266oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  556	  psia	  
E-­‐107	   Condenser	   Provides	  the	  reflux	  required	   Stainless	  Steel	   A	  =	  6650	  ft
2	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Q	  =	  4.44	  x	  107	  Btu/hr	  
T	  =	  137oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  300	  psia	  
E-­‐108	   Reboiler	   Generate	  vapor	  returned	  to	  column	   Stainless	  Steel	  
A	  =	  3370	  ft2	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Q	  =	  3.51	  x	  107	  Btu/hr	  
T	  =	  264oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  305.1	  psia	  
E-­‐109	   Condenser	   Provides	  the	  reflux	  required	   Stainless	  Steel	   A	  =	  13300	  ft
2	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Q	  =	  2.92x	  107	  Btu/hr	  
T	  =	  189oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  200	  psia	  
E-­‐110	   Reboiler	   Generate	  vapor	  returned	  to	  column	   Stainless	  Steel	  
A	  =	  15200	  ft2	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Q	  =	  2.68	  x	  107	  Btu/hr	  
T	  =	  310oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  205	  psia	  
E-­‐111	   Intermediate	  Reboiler	   Acts	  as	  reboiler	  for	  HRC	   Stainless	  Steel	  
A	  =	  633	  ft2	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Q	  =	  7.25	  x	  106	  Btu/hr	  
T	  =	  87.8oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  277	  psia	  
E-­‐112	   Intermediate	  Reboiler	   Acts	  as	  reboiler	  for	  HRC	   Stainless	  Steel	  
A	  =	  718	  ft2	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Q	  =	  4.44	  x	  106	  Btu/hr	  
T	  =	  92.4oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  277	  psia	  
EXP-­‐
100	   Turbine	  
Decreases	  the	  pressure	  of	  
vapor	  feed	   Stainless	  Steel	   Pc	  =	  -­‐11700	  hp	  
T	  =	  -­‐50.6oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  175	  psia	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Table 6. Detailed Equipment list for Figure 5.  
 
Compressor 100 (C-100): 
 
Compressor 100 compresses stream 13, which is made up of 72% by mass of methane and 24% 
by mass of ethane, from 261 psia to 390 psia. The inlet temperature is 75oF and the outlet is 
131oF. This compressor is powered by Expander 100 with 11,700 hp. The bare module cost for 
this compressor is $15,100,000. 
 
Booster Compressor 101 (C-101): 
 
Booster Compressor 101 further compresses the residue gas that leaves C-100 from 390 psia to 
1120 psia. The inlet temperature is 100oF and the outlet temperature is 262oF. The compressor is 
P-­‐100	   Pump	   Increases	  the	  pressure	  of	  of	  HRC	  bottoms	   Stainless	  Steel	   Pc	  =	  550	  hp	  
T	  =	  118oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  550	  psia	  
P-­‐101	   Pump	   Returns	  reflux	  to	  the	  column	   Stainless	  Steel	   Qv	  =	  5,850	  gpm	  
T	  =	  69.9oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  550	  psia	  
P-­‐102	   Pump	   Returns	  reflux	  to	  the	  column	   Stainless	  Steel	   Qv	  =	  1,820	  gpm	  
T	  =	  137oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  300	  psia	  
P-­‐103	   Pump	   Returns	  reflux	  to	  the	  column	   Stainless	  Steel	   Qv	  =	  1,090	  gpm	  
T	  =	  189oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  200	  psia	  
T-­‐100	   Distillation	  column	  
Fraction	  off	  methane	  from	  
feed	   Stainless	  Steel	  
D	  =	  15.9	  ft	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
H	  =	  36	  ft	   	  	  
T-­‐101	   Distillation	  column	  
Fraction	  off	  ethane	  from	  
heavier	  HC's	   Stainless	  Steel	  
D	  =	  6.86	  ft	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
H	  =	  8.8	  ft	   	  	  
T-­‐102	   Distillation	  column	  
Fraction	  off	  propane	  from	  
heavier	  HC's	   Stainless	  Steel	  
D	  =	  8.62	  ft	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
H	  =	  82	  ft	   	  	  
T-­‐103	   Distillation	  column	  
Fraction	  off	  butane	  from	  
heavier	  HC's	   Stainless	  Steel	  
D	  =	  4.06	  ft	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
H	  -­‐	  86	  ft	   	  	  
V-­‐100	   Phase	  separator	  
Separates	  feed	  into	  vapor	  
and	  liquid	  phases	   Stainless	  Steel	  
D	  =	  14	  ft	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
H	  =	  70	  ft	   	  	  
V-­‐101	   Reflux	  Accumulator	   Collects	  condensed	  vapor	   Stainless	  Steel	  
D	  =	  17.1	  ft	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
L	  =	  34.1	  ft	  
T	  =	  59.9oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  550	  psia	  
V-­‐102	   Reflux	  Accumulator	   Collects	  condensed	  vapor	   Stainless	  Steel	  
D	  =	  11.6	  ft	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
L	  =	  23.1	  ft	  
T	  =	  137oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  300	  psia	  
V-­‐103	   Reflux	  Accumulator	   Collects	  condensed	  vapor	   Stainless	  Steel	  
D	  =	  9.75	  ft	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
L	  =	  19.5	  ft	  
T	  =	  189oF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
P	  =	  200	  psia	  
 31 
powered by a motor that provides it with 34,700 hp. The bare module cost for the booster 
compressor is $30,700,000. 
 
Heat Exchanger 100 (E-100): 
 
Heat exchanger 100 consists of 7 brazed aluminum cores and works to cool the feed stream 
(consisting of 78% by moles of methane, 16% ethane, and the rest made up of heavier 
hydrocarbons) from 80oF to 24.5oF by allowing the overhead product from the heavy removal 
column (84% by moles of Methane and 15% ethane) to absorb enough heat to increase its 
temperature from -23.5oF to 75oF. The flow rate of the feed stream and the overhead product are 
1.37 x 106 lb/hr and 1.13 x 106 lb/hr, respectively. The dimensions of this heat exchanger are 
4’x4.5’x21’. The bare module cost for this unit is $6,998,000. The equations used to calculate the 
purchase cost of this form of heat exchanger was provided by Adam Browstow (as shown in 
appendix 1). These equations take into account the heat duty (in megawatts) and ratios of volume 
to heat duty. The purchasing cost is dependent of the volume – as opposed to the area for usual 
calculation of this type.  
 
Heat Exchanger 101 (E-101): 
 
Heat exchanger 101 consists of 3 brazed aluminum cores and works to cool the split vapor 
stream number 6  (consisting of 80% by moles of methane, 15% ethane, and the rest made up of 
heavier hydrocarbons) from 24.5oF to -58.3oF by allowing the overhead product from the heavy 
removal column (84% by moles of methane and 15% ethane) to absorb enough heat to increase 
its temperature from -63.3oF to -23.5oF. The flow rate of the stream 6 and the overhead product 
are 250,000 lb/hr and 1.13 x 106 lb/hr, respectively. The dimensions of this heat exchanger are 
4’x4.5’x5’. The bare module cost for this unit is $1,050,000. The equations used to calculate the 
purchase cost of this form of heat exchanger was provided by Adam Browstow (as shown in 
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appendix 1). These equations take into account the heat duty (in megawatts) and ratios of volume 
to heat duty. The purchasing cost is dependent of the volume – as opposed to the area for usual 
calculation of this type. 
 
Aftercooler 102 (E-102): 
 
Aftercooler 102 cools the heavy removal’s distillate after exiting C-100 from 132oF to 100oF. 
The flow rate of the stream is 1.14 x 106 lb/hr. The cooling medium is ambient water at 90oF 
which exits at 120oF. The flow rate of water used is 6.60 x 105 lb/hr. The area of this heat 
exchanger is 20,600 ft2. Thus it is made up of 3 heat exchangers in parallel, each with an area of 
6,850 ft2. The bare module cost for this unit is $1,420,000. 
 
Aftercooler 103 (E-103): 
 
Aftercooler 103 cools the heavy removal’s distillate after exiting C-101 from 262oF to 100oF. 
The flow rate of the stream is 1.14 x 106 lb/hr. The cooling medium is ambient water at 90oF 
which exits at 120oF. The flow rate of water used is 4.76 x 106 lb/hr. The area of this heat 
exchanger is 11,600 ft2. Thus it is made up of 2 heat exchangers in parallel, each with an area of 
5,820 ft2. The bare module cost for this unit is $715,000. 
 
Reboiler 104 (E-104): 
 
Reboiler 104 is made from stainless steel and reboils the bottoms product from T-100. Methane 
will mostly be vaporized with the heavier hydrocarbons continuing on to the next column. The 
bottoms product is vaporized by using the warm water exiting the condenser 103 from T-103. 
The flow rate of this water is 400,000 lb/hr and cools from 185oF to 138oF. This reboiler has an 
area of 1,502 ft2. The bare module cost is $262,000. 
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Condenser 105 (E-105): 
 
Condenser 105 is made of stainless steel and is responsible for condensing the distillate from T-
101 to provide the reflux to operate the column. Chilled water entering at 55oF and exiting at 
59oF is provided to the condenser with a flow rate of 400,000 lb/hr. The bare module cost is 
$572,000. 
 
Reboiler 106 (E-106): 
 
Reboiler 106 is made from stainless steel and reboils the bottoms product from T-101. Ethane 
will mostly be vaporized with the heavier hydrocarbons continuing on to the next column. The 
bottoms product is vaporized by using steam which enters at 310oF and condenses as it exits at 
the same temperature. The flow rate of this steam is 47,800 lb/hr. This reboiler has an area of 
8,830ft2. The bare module cost is $478,000. 
 
Condenser 107 (E-107): 
 
Condenser 107 is made of stainless steel and is responsible for condensing the distillate from T-
102 to provide the reflux to operate the column. Ambient water entering at 90oF and exiting at 
115oF is provided to the condenser with a flow rate of 47,800 lb/hr. The transferring area is 6,610 
ft2. The bare module cost is $460,000. 
 
Reboiler 108 (E-108): 
 
Reboiler 108 is made from stainless steel and reboils the bottoms product from T-102. Propane 
will mostly be vaporized with the heavier hydrocarbons continuing on to the next column. The 
bottoms product is vaporized by using steam at 150 psig and 310oF. The steam condenses and 
exits at the same temperature. The flow rate of this steam is 36,200 lb/hr. This reboiler has an 
area of 3,360 ft2. The bare module cost is $395,000. 
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Condenser 109 (E-109): 
 
Condenser 109 is made of stainless steel and is responsible for condensing the distillate from T-
103 to provide the reflux required to operate the column. Warm water entering at 178oF and 
exiting at 185oF is provided to the condenser with a flow rate of 4.17 x 106 lb/hr. This exiting 
water will act as the heating medium for Intermediate Reboiler 112. The transferring area is 
17,700 ft2. Thus, two heat exchangers, each with an area of 8,850 ft2, will operate in place of a 
single condenser. The bare module cost is $1,150,000. 
 
Reboiler 110 (E-110): 
 
Reboiler 110 is made from stainless steel and reboils the bottoms product from T-103. Butane 
will mostly be vaporized with the heavier hydrocarbons continuing on to the next column. The 
bottoms product is vaporized by using steam at 300 psia and entering at 315oF while exiting at 
305oF. The flow rate of this steam is 2.68 x 106 lb/hr. This reboiler has an area of 29,900ft2. The 
reboiler will consists of 4 heat exchangers in parallel, each with an area of 7,480 ft2. The bare 
module cost is $2,810,000. 
 
Intermediate Reboiler 111 (E-111): 
 
Intermediate Reboiler 111 is made of stainless steel. It takes the stream from stage 11 
(temperature of 80.6oF and flow rate of 407,000 lb/hr) and heats it to 87.8oF before sending it to 
a second reboiler. The bottoms product from T-103 at 310oF is used to heat this stream and exits 
the reboiler, and thus the entire process at 85.6oF.  The area of this reboiler is 634 ft2. The bare 
module cost is $139,000. 
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Intermediate Reboiler 112 (E-112): 
 
Intermediate Reboiler 112 is made of stainless steel. It takes the stream exiting Intermediate 
Reboiler 112 (temperature of 87.8oF and flow rate of 407,000 lb/hr) and heats it to 92.5oF before 
sending it to stage 12 of the heavy removal column. The water exiting the condenser from T-103 
at 189oF is used to heat this stream and exits at a temperature of 92.8oF.  The area of this reboiler 
is 718 ft2. The bare module cost is $145,000. 
 
Pump 100 (P-100): 
 
Pump 100 is a stainless steel centrifugal pump which primarily acts as a compressor in order to 
increase the pressure of the bottoms product (277psia) of T-100 before entering T-101 in order to 
match its operating pressure of 550 psia. The pump requires 196 hp in order to effectively 
operate. The bare module cost is $177,000. 
 
Pump 101 (P-101): 
 
Pump 101 is a stainless steel centrifugal pump which pressurizes the condensed overhead 
product exiting the reflux accumulator (V-101) before entering the back into the column (T-101). 
The reflux is pumped at a flow rate of 5,850 gpm. The bare module cost is $71,000.  
 
Pump 102 (P-102): 
 
Pump 102 is a stainless steel centrifugal pump which pressurizes the condensed overhead 
product exiting the reflux accumulator (V-102) before entering the back into the column (T-102). 
The reflux is pumped at a flow rate of 1,820 gpm. The bare module cost is $34,000.  
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Pump 103 (P-103): 
 
Pump 102 is a stainless steel centrifugal pump which pressurizes the condensed overhead 
product exiting the reflux accumulator (V-103) before entering the back into the column (T-103). 
The reflux is pumped at a flow rate of 1,090 gpm. The bare module cost is $28,200.  
 
Heavy Removal Column 100 (T-100): 
 
The heavy removal column has 3 main feed streams (5, 8, 10) and two main exit streams (11 and 
18). All incoming streams are entering at the same pressure, 275 psia but different temperatures 
(5: -5.1oF, 8: -50.6oF. 10: -106oF). Streams 5 and 10 are entering the column after experiencing a 
Joule Thomson Effect in which a valve instantaneously dropped their pressures before entering 
the column. Stream 8 is the result of an expansion. All incoming streams are providing both 
liquid and gas feeds. The overhead product, consisting mostly of methane and ethane, is exiting 
at -63.3oF and 275 psia. This column does not have a condenser and instead utilizes a heat 
exchanger to provide the reflux. The bottoms product exits at 114oF and 277 psia. The diameter 
and height are 16 ft and 36 ft, respectively. The column has 12 trays. The bare module cost is 
$4,950,000. 
 
Deethanizer 101 (T-101): 
 
The deethanizer has 1 main feed stream (19) and two main exit streams (20 and 21). The 
incoming stream enters at 118oF and 550 psia. The overhead product, consisting mostly of 
ethane, is exiting at 70oF and 550 psia. The bottoms product exits at 266oF and 555 psia. The 
diameter and height are 7 ft and 88 ft, respectively. The column has 38 trays. The bare module 
cost is $3,820,000. 
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Depropanizer 102 (T-102): 
 
The deethanizer has 1 main feed stream (21) and two main exit streams (22 and 23). The 
incoming stream enters at 266oF and 555 psia. The overhead product, consisting mostly of 
propane, is exiting at 137oF and 300 psia. The bottoms product exits at 264oF and 305 psia. The 
diameter and height are 9 ft and 82 ft, respectively. The column has 35 trays. The bare module 
cost is $3,470,000. 
 
Debutanizer 103 (T-103): 
 
The deethanizer has 1 main feed stream (23) and two main exit streams (24 and 25). The 
incoming stream enters at 264oF and 305 psia. The overhead product, consisting mostly of 
butane, is exiting at 189oF and 200 psia. The distillate also acts as the heating medium for E-112. 
The bottoms product exits at 310oF and 205 psia and serves as the heating medium for E-111. 
The diameter and height are 4.1 ft and 86 ft, respectively. The column has 37 trays. The bare 
module cost is $1,440,000. 
 
Phase Separator 100 (V-100): 
 
The phase separator takes in the feed after it exits E-100. At this point, the feed stream is now a 
mixture of gas and liquids. The phase separator acts as a vessel which allows the gas and liquid 
phases to separate and move through different pipes to allow for an overall better separation in 
the Heavy Removal Column. The feed enters at 24.5oF and 758 psia. The vapor outlet, consisting 
mostly of methane and ethane, and liquid outlet exits at the same temperature as the feed came in 
as. No heat or pressure is added to the contents of the vessel. The diameter and height are 14 ft 
and 70ft, respectively. The bare module cost is $3,060,000. 
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Reflux Accumulator 101 (V-101): 
 
The reflux accumulator 101 is a horizontal vessel made from low alloy steel and collects the 
reflux before sending it back into the column (T-101). The diameter and height of the vessel is 
17 ft and 34 ft, respectively. The bare module cost is $3,880,000. 
 
Reflux Accumulator 102 (V-102): 
 
The reflux accumulator 102 is a horizontal vessel made from low alloy steel and collects the 
reflux before sending it back into the column (T-102). The diameter and height of the vessel is 
12 ft and 23 ft, respectively. The bare module cost is $940,000. 
 
Reflux Accumulator 103 (V-103): 
 
The reflux accumulator 103 is a horizontal vessel made from low alloy steel and collects the 
reflux before sending it back into the column (T-103). The diameter and height of the vessel is 
10 ft and 20 ft, respectively. The bare module cost is $563,000. 
. 
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Specification Sheets 
 
 
Compressor	  100	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Compressor	  
	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   C-­‐100	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Compress	  the	  distillate	  from	  T-­‐100	  with	  the	  power	  provided	  by	  the	  expander	  	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	   	   Outlet	  
	  
	  	  
	  	   Stream	  ID	  
	  
13	   	   14	  
	  
	  	  
	  	   Quantity	  (lb/hr)	   1.14	  x	  10
6	   	   1.14	  x	  10
6	  
	  
	  	  
	  	   Temperature	  (oF)	   75	   	   132	  
	  
	  	  
	  	   Pressure	  (psia)	   261	   	   390	  
	  
	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Reciprocating	  Compressor	   	  	  
	  	  
	  
Material	  
	  
Stainless	  Steel	   	  	  
	  	  
	  
Net	  Work	  (hp)	   11700	   	  	  
	  	  
	  
Efficiency	  	  
	  
0.86	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   7,010,000	  
	   	  
	  	  
	  	  
	  
CBM	   $	   15,100,000	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Compressor	  101	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Compressor	  
	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   C-­‐101	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Further	  compress	  the	  distillate	  from	  T-­‐100	  to	  the	  required	  specifications	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	   	   Outlet	  
	  
	  	  
	  	   Stream	  ID	  
	  
15	   	   16	  
	  
	  	  
	  	   Quantity	  (lb/hr)	   1.14	  x	  10
6	   	   1.14	  x	  10
6	  
	  
	  	  
	  	   Temperature	  (oF)	   100	   	   262	  
	  
	  	  
	  	   Pressure	  (psia)	   385	   	   1120	  
	  
	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Reciprocating	  Compressor	   	  	  
	  	  
	  
Material	  
	  
Stainless	  Steel	   	  	  
	  	  
	  
Net	  Work	  (hp)	   34700	   	  	  
	  	  
	  
Efficiency	  	  
	  
0.86	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   14,300,000	  
	   	  
	  	  
	  	  
	  
CBM	   $	   30,700,000	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Heat	  Exchanger	  100	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Heat	  exchanger	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   E-­‐100	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Cool	  the	  feed	  with	  the	  overhead	  product	  from	  T-­‐100	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	  Hot	   Outlet	  Hot	   Inlet	  Cold	   Outlet	  Cold	   	  	  
	  	   Stream	  ID	  
	  
1	   2	   12	   13	   	  	  
	  	   Quantity	  (lb/hr)	   1.37	  x	  10
6	   1.37	  x	  106	   1.14	  x	  106	   1.14	  x	  106	   	  	  
	  	   Temperature	  (oF)	   80	   24.5	   -­‐23.5	   75	   	  	  
	  	   Pressure	  (psia)	   765	   758	   268	   261	   	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Plate	  and	  fin	   	  	  
	  	  
	  
Material	  
	  
Brazed	  Aluminum	   	  	  
	  	  
	  
No.	  of	  Cores	  
	  
7	   	  	  
	  	  
	  
Dimensions	  
	  
4'	  x	  4.5'	  x	  21'	   	  	  
	  	  
	  
Heat	  Duty	  (Btu/hr)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  5.93	  x	  107	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   2,210,000	  
	  
	  	  
	  	  
	  
CBM	   $	   6,998,000	  
	  
	  	  
*	  	  	  Cp	  is	  dependent	  on	  volume	  and	  not	  area	  (appendix	  1)	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Heat	  Exchanger	  101	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Heat	  exchanger	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   E-­‐101	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Cool	  the	  vapor	  stream	  split	  from	  the	  phase	  separator	  with	  T-­‐100's	  distillate	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	  
Hot	   Outlet	  Hot	   Inlet	  Cold	   Outlet	  Cold	   	  	  
	  	   Stream	  ID	  
	  
6	   9	   11	   12	   	  	  
	  	   Quantity	  (lb/hr)	   250,486	   250,486	   1.14	  x	  10
6	   1.14	  x	  106	   	  	  
	  	   Temperature	  (oF)	   24.5	   -­‐58.3	   -­‐63.3	   -­‐23.5	   	  	  
	  	   Pressure	  (psia)	   758	   751	   275	   268	   	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Plate	  and	  fin	   	  	  
	  	  
	  
Material	  
	  
Brazed	  Aluminum	   	  	  
	  	  
	  
No.	  of	  Cores	  
	  
1	   	  	  
	  	  
	  
Dimensions	  
	  
4'	  x	  4.5'	  x	  5'	   	  	  
	  	  
	  
Heat	  Duty	  (Btu/hr)	   2.49	  x	  107	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   330,000	  
	  
	  	  
	  	  
	  
CBM	   $	   1,050,000	  
	  
	  	  
	  *	  	  	  Cp	  is	  dependent	  on	  volume	  and	  not	  area	  (appendix	  1)	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Aftercooler	  102	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Heat	  exchanger	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   E-­‐102	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Cool	  residue	  gas	  before	  entering	  the	  booster	  compressor	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	  Hot	   Outlet	  Hot	   Inlet	  Cold	   Outlet	  Cold	   	  	  
	  	   Stream	  ID	  
	  
14	   15	   water	   water	   	  	  
	  	   Quantity	  (lb/hr)	   1.14	  x	  10
6	   1.14	  x	  106	   6.60	  x	  105	   6.60	  x	  105	   	  	  
	  	   Temperature	  (oF)	   132	   100	   90	   120	   	  	  
	  	   Pressure	  (psia)	   390	   385	   100	   100	   	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Floating	  head	   	  	  
	  	  
	  
Material	  
	  
stainless	  steel	   	  	  
	  	  
	  
Heat	  Transfer	  
Coefficient	  (Btu/hrft2F)	  
200	   	  	  
	  	  
	  
	  	  
	  	  
	  
Area	  (ft2)	  
	  
20,600	  (3	  HX	  in	  parallel)	   	  	  
	  	  
	  
Heat	  Duty	  (Btu/hr)	   1.98	  x	  107	   	  	  
	  *	  	  U	  is	  assumed	  to	  be	  200	  Btu/hr-­‐ft2-­‐oF	  to	  provide	  conservative	  values	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   447,000	  
	  
	  	  
	  	  
	  
CBM	   $	   1,420,000	  
	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
 
 
 
 
 
 
 44 
Aftercooler	  103	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Heat	  exchanger	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   E-­‐103	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Cool	  residue	  gas	  before	  entering	  the	  pipeline	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	  Hot	   Outlet	  Hot	   Inlet	  Cold	   Outlet	  Cold	   	  	  
	  	   Stream	  ID	  
	  
16	   17	   water	   water	   	  	  
	  	   Quantity	  (lb/hr)	   1.14	  x	  10
6	   1.14	  x	  106	   4.76	  x	  106	   1.14	  x	  106	   	  	  
	  	   Temperature	  (oF)	   262	   100	   90	   115	   	  	  
	  	   Pressure	  (psia)	   1120	   1115	   100	   100	   	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Floating	  head	   	  	  
	  	  
	  
Material	  
	  
stainless	  steel	   	  	  
	  	  
	  
Heat	  Transfer	  
Coefficient	  (Btu/hrft2F)	  
200	   	  	  
	  	  
	  
	  	  
	  	  
	  
Area	  (ft2)	  
	  
11,600	   	  	  
	  	  
	  
Heat	  Duty	  (Btu/hr)	   1.19	  x	  108	   	  	  
*	  	  U	  is	  assumed	  to	  be	  200	  Btu/hr-­‐ft2-­‐oF	  to	  provide	  conservative	  values	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   226,000	  
	  
	  	  
	  	  
	  
CBM	   $	   715,000	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Reboiler	  104	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Heat	  exchanger	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   E-­‐104	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Generate	  vapor	  from	  bottoms	  product	  to	  be	  returned	  to	  T-­‐100	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	  Hot	   Outlet	  Hot	   Inlet	  Cold	   Outlet	  Cold	   	  	  
	  	   Stream	  ID	  
	  
29	   18	   water	   water	   	  	  
	  	   Quantity	  (lb/hr)	   407,000	   407,000	   400,000	   400,000	   	  	  
	  	   Temperature	  (oF)	   92.5	   114	   185	   138	   	  	  
	  	   Pressure	  (psia)	   276.5	   277	   70	   70	   	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
kettle	   	  	  
	  	  
	  
Material	  
	  
stainless	  steel	   	  	  
	  	  
	  
Heat	  Transfer	  
Coefficient	  (Btu/hrft2F)	  
200	   	  	  
	  	  
	  
	  	  
	  	  
	  
Area	  (ft2)	  
	  
1,570	   	  	  
	  	  
	  
Heat	  Duty	  (Btu/hr)	   1.88	  x	  107	   	  	  
	  *	  	  U	  is	  assumed	  to	  be	  200	  Btu/hr-­‐ft2-­‐oF	  to	  provide	  conservative	  values	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   82,700	  
	  
	  	  
	  	  
	  
CBM	   $	   262,000	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Condenser	  105	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Heat	  exchanger	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   E-­‐105	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Generate	  reflux	  from	  overhead	  product	  to	  be	  returned	  to	  T-­‐101	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	  Hot	   Outlet	  Hot	   Inlet	  Cold	   Outlet	  Cold	   	  	  
	  	   Stream	  ID	  
	  
20**	   20*	   water	   water	   	  	  
	  	   Quantity	  (lb/hr)	   291,000	   291,000	   400,000	   400,000	   	  	  
	  	   Temperature	  (oF)	   71	   69	   55	   59	   	  	  
	  	   Pressure	  (psia)	   550	   550	   70	   70	   	  	  
**a	  =	  entering	  stage	  “a”	  	  	  	  	  	  	  	  *a	  =	  exiting	  stage	  “a”	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Floating	  head	   	  	  
	  	  
	  
Material	  
	  
stainless	  steel	   	  	  
	  	  
	  
Heat	  Transfer	  
Coefficient	  (Btu/hrft2F)	  
200	   	  	  
	  	  
	  
	  	  
	  	  
	  
Area	  (ft2)	  
	  
8,830	   	  	  
	  	  
	  
Heat	  Duty	  (Btu/hr)	   -­‐2.11	  x	  107	   	  	  
• 	  	  U	  is	  assumed	  to	  be	  200	  Btu/hr-­‐ft2-­‐oF	  to	  provide	  conservative	  values	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   180,000	  
	  
	  	  
	  	  
	  
CBM	   $	   572,000	  
	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
 
 
 
 
 
 
 47 
Reboiler	  106	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Heat	  exchanger	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   E-­‐106	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Generate	  vapor	  from	  bottoms	  product	  to	  be	  returned	  to	  T-­‐101	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	  Hot	   Outlet	  Hot	   Inlet	  Cold	   Outlet	  Cold	   	  	  
	  	   Stream	  ID	  
	  
21**	   21*	   water	   water	   	  	  
	  	   Quantity	  (lb/hr)	   976,000	   976,000	   47,800	   47,800	   	  	  
	  	   Temperature	  (oF)	   251	   266	   310	   310	   	  	  
	  	   Pressure	  (psia)	   555.4	   555.5	   73	   73	   	  	  
**a	  =	  entering	  stage	  “a”	  	  	  	  	  	  	  	  *a	  =	  exiting	  stage	  “a”	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
kettle	   	  	  
	  	  
	  
Material	  
	  
stainless	  steel	   	  	  
	  	  
	  
Heat	  Transfer	  
Coefficient	  (Btu/hrft2F)	  
200	   	  	  
	  	  
	  
	  	  
	  	  
	  
Area	  (ft2)	  
	  
4,540	   	  	  
	  	  
	  
Heat	  Duty	  (Btu/hr)	   4.64	  x	  107	   	  	  
• 	  	  U	  is	  assumed	  to	  be	  200	  Btu/hr-­‐ft2-­‐oF	  to	  provide	  conservative	  values	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   151,000	  
	  
	  	  
	  	  
	  
CBM	   $	   478,000	  
	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
 
 
 
 
 
 
 48 
Condenser	  107	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Heat	  exchanger	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   E-­‐107	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Generate	  reflux	  from	  distillate	  to	  be	  returned	  to	  T-­‐102	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	  Hot	   Outlet	  Hot	   Inlet	  Cold	   Outlet	  Cold	   	  	  
	  	   Stream	  ID	  
	  
22**	   22*	   water	   water	   	  	  
	  	   Quantity	  (lb/hr)	   322,000	   355,000	   47,800	   47,800	   	  	  
	  	   Temperature	  (oF)	   138	   137	   90	   115	   	  	  
	  	   Pressure	  (psia)	   300.15	   300	   70	   70	   	  	  
**a	  =	  entering	  stage	  “a”	  	  	  	  	  	  	  	  *a	  =	  exiting	  stage	  “a”	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Floating	  head	   	  	  
	  	  
	  
Material	  
	  
stainless	  steel	   	  	  
	  	  
	  
Heat	  Transfer	  
Coefficient	  (Btu/hrft2F)	  
200	   	  	  
	  	  
	  
	  	  
	  	  
	  
Area	  (ft2)	  
	  
6,610	   	  	  
	  	  
	  
Heat	  Duty	  (Btu/hr)	   -­‐4.44	  x	  107	   	  	  
• 	  	  U	  is	  assumed	  to	  be	  200	  Btu/hr-­‐ft2-­‐oF	  to	  provide	  conservative	  values	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   145,000	  
	  
	  	  
	  	  
	  
CBM	   $	   460,000	  
	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
 
 
 
 
 
 
 49 
Reboiler	  108	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Heat	  exchanger	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   E-­‐108	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Generate	  vapor	  from	  bottoms	  product	  to	  be	  returned	  to	  T-­‐102	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	  Hot	   Outlet	  Hot	   Inlet	  Cold	   Outlet	  Cold	   	  	  
	  	   Stream	  ID	  
	  
23**	   23*	   steam	   water	   	  	  
	  	   Quantity	  (lb/hr)	   121,000	   121,000	   36,200	   36,200	   	  	  
	  	   Temperature	  (oF)	   251	   264	   310	   310	   	  	  
	  	   Pressure	  (psia)	   305	   305	   150	   150	   	  	  
**a	  =	  entering	  stage	  “a”	  	  	  	  	  	  	  	  *a	  =	  exiting	  stage	  “a”	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
kettle	   	  	  
	  	  
	  
Material	  
	  
stainless	  steel	   	  	  
	  	  
	  
Heat	  Transfer	  
Coefficient	  (Btu/hrft2F)	  
200	   	  	  
	  	  
	  
	  	  
	  	  
	  
Area	  (ft2)	  
	  
3,360	   	  	  
	  	  
	  
Heat	  Duty	  (Btu/hr)	   3.51	  x	  107	   	  	  
• 	  	  U	  is	  assumed	  to	  be	  200	  Btu/hr-­‐ft2-­‐oF	  to	  provide	  conservative	  values	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   125,000	  
	  
	  	  
	  	  
	  
CBM	   $	   395,000	  
	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
 
 
 
 
 
 
 50 
Condenser	  109	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Heat	  exchanger	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   E-­‐109	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Generate	  reflux	  from	  distillate	  to	  be	  returned	  to	  T-­‐103	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	  Hot	   Outlet	  Hot	   Inlet	  Cold	   Outlet	  Cold	   	  	  
	  	   Stream	  ID	  
	  
24**	   24*	   water	   water	   	  	  
	  	   Quantity	  (lb/hr)	   187,000	   187,000	   4.17	  x	  10
6	   4.17	  x	  107	   	  	  
	  	   Temperature	  (oF)	   191	   189	   178	   185	   	  	  
	  	   Pressure	  (psia)	   200.2	   200	   100	   100	   	  	  
**a	  =	  entering	  stage	  “a”	  	  	  	  	  	  	  	  *a	  =	  exiting	  stage	  “a”	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Floating	  head	   	  	  
	  	  
	  
Material	  
	  
stainless	  steel	   	  	  
	  	  
	  
Heat	  Transfer	  
Coefficient	  (Btu/hrft2F)	  
200	   	  	  
	  	  
	  
	  	  
	  	  
	  
Area	  (ft2)	  
	  
17,700	  (2	  HX	  in	  parallel)	   	  	  
	  	  
	  
Heat	  Duty	  (Btu/hr)	   -­‐2.92	  x	  107	   	  	  
• 	  	  U	  is	  assumed	  to	  be	  200	  Btu/hr-­‐ft2-­‐oF	  to	  provide	  conservative	  values	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   361,000	  
	  
	  	  
	  	  
	  
CBM	   $	   1,150,000	  
	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
 
 
 
 
 
 
 51 
Reboiler	  110	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Heat	  exchanger	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   E-­‐110	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Generate	  vapor	  from	  bottoms	  product	  to	  be	  returned	  to	  T-­‐103	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	  Hot	   Outlet	  Hot	   Inlet	  Cold	   Outlet	  Cold	   	  	  
	  	   Stream	  ID	  
	  
25**	   25*	   steam	   steam	   	  	  
	  	   Quantity	  (lb/hr)	   50,600	   50,600	   2.68	  x	  10
6	   2.68	  x	  106	   	  	  
	  	   Temperature	  (oF)	   301	   310	   315	   305	   	  	  
	  	   Pressure	  (psia)	   205.3	   205.4	   300	   300	   	  	  
**a	  =	  entering	  stage	  “a”	  	  	  	  	  	  	  	  *a	  =	  exiting	  stage	  “a”	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
kettle	   	  	  
	  	  
	  
Material	  
	  
stainless	  steel	   	  	  
	  	  
	  
Heat	  Transfer	  
Coefficient	  (Btu/hrft2F)	  
200	   	  	  
	  	  
	  
	  	  
	  	  
	  
Area	  (ft2)	  
	  
29,900	  (4	  HX	  in	  parallel)	   	  	  
	  	  
	  
Heat	  Duty	  (Btu/hr)	   2.68	  x	  107	   	  	  
• 	  	  U	  is	  assumed	  to	  be	  200	  Btu/hr-­‐ft2-­‐oF	  to	  provide	  conservative	  values	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   886,000	  
	  
	  	  
	  	  
	  
CBM	   $	   2,810,000	  
	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
 
 
 
 
 
 
 52 
Intermediate	  Reboiler	  111	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Heat	  exchanger	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   E-­‐111	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Using	  the	  bottoms	  product	  from	  T-­‐103	  to	  heat	  stream	  from	  stage	  11	  from	  T-­‐100	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	  Hot	   Outlet	  Hot	   Inlet	  Cold	   Outlet	  Cold	   	  	  
	  	   Stream	  ID	  
	  
25	   26	   27	   28	   	  	  
	  	   Quantity	  (lb/hr)	   50,600	   50,600	   407,000	   407,000	   	  	  
	  	   Temperature	  (oF)	   310	   85.6	   80.6	   87.8	   	  	  
	  	   Pressure	  (psia)	   205	   205	   276	   276	   	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Floating	  head	   	  	  
	  	  
	  
Material	  
	  
stainless	  steel	   	  	  
	  	  
	  
Heat	  Transfer	  
Coefficient	  (Btu/hrft2F)	  
200	   	  	  
	  	  
	  
	  	  
	  	  
	  
Area	  (ft2)	  
	  
634	   	  	  
	  	  
	  
Heat	  Duty	  (Btu/hr)	   7.25	  x	  106	   	  	  
• 	  	  U	  is	  assumed	  to	  be	  200	  Btu/hr-­‐ft2-­‐oF	  to	  provide	  conservative	  values	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   43,900	  
	  
	  	  
	  	  
	  
CBM	   $	   139,000	  
	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
 
 
 
 
 
  
 53 
Intermediate	  Reboiler	  112	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Heat	  exchanger	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   E-­‐112	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Using	  the	  distillate	  from	  T-­‐103	  to	  further	  heat	  stream	  from	  stage	  11	  from	  T-­‐100	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	  Hot	   Outlet	  Hot	   Inlet	  Cold	   Outlet	  Cold	   	  	  
	  	   Stream	  ID	  
	  
24	   30	   28	   29	   	  	  
	  	   Quantity	  (lb/hr)	   70,100	   70,100	   407,000	   407,000	   	  	  
	  	   Temperature	  (oF)	   189	   92.8	   87.8	   92.5	   	  	  
	  	   Pressure	  (psia)	   200	   200	   276	   276	   	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Floating	  head	   	  	  
	  	  
	  
Material	  
	  
stainless	  steel	   	  	  
	  	  
	  
Heat	  Transfer	  
Coefficient	  (Btu/hrft2F)	  
200	   	  	  
	  	  
	  
	  	  
	  	  
	  
Area	  (ft2)	  
	  
718	   	  	  
	  	  
	  
Heat	  Duty	  (Btu/hr)	   4.44	  x	  106	   	  	  
	  *	  	  U	  is	  assumed	  to	  be	  200	  Btu/hr-­‐ft2-­‐oF	  to	  provide	  conservative	  values	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   45,620	  
	  
	  	  
	  	  
	  
CBM	   $	   145,000	  
	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
 
 
 
 
 
 
 54 
Pump	  100	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Pump	  
	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   P-­‐100	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Increase	  the	  pressure	  of	  T-­‐100's	  bottom	  product	  before	  entering	  T-­‐101	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	   	   Outlet	  
	  
	  	  
	  	   Stream	  ID	  
	  
18	   	   19	  
	  
	  	  
	  	   Quantity	  (lb/hr)	   232,000	   	   232,000	  
	  
	  	  
	  	   Temperature	  (oF)	   114	   	   118	  
	  
	  	  
	  	   Pressure	  (psia)	   277	   	   550	  
	  
	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Centripetal	  	   	  	  
	  	  
	  
Material	  
	  
Stainless	  Steel	   	  	  
	  	  
	  
Net	  Work	  (hp)	   196	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   53,600	  
	   	  
	  	  
	  	  
	  
CBM	   $	   177,000	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Pump	  101	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Pump	  
	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   P-­‐101	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Returns	  the	  reflux	  accumulated	  back	  to	  T-­‐101	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	   	   Outlet	  
	  
	  	  
	  	   Stream	  ID	  
	  
From	  V-­‐101	   	   20	  
	  
	  	  
	  	   Quantity	  (lb/hr)	   256,000	   	   256,000	  
	  
	  	  
	  	   Temperature	  (oF)	   70	   	   70	  
	  
	  	  
	  	   Pressure	  (psia)	   550	   	   564	  
	  
	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Centripetal	   	  	  
	  	  
	  
Material	  
	  
Stainless	  Steel	   	  	  
	  	  
	  
Flow	  rate(gpm)	   5850	   	  	  
	  	  
	  
Efficiency	  	  
	  
-­‐	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   21,500	  
	   	  
	  	  
	  	  
	  
CBM	   $	   71,000	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Pump	  102	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   	  	  	  	  	  Pump	  
	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   P-­‐102	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Returns	  the	  reflux	  accumulated	  back	  to	  T-­‐102	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	   	   Outlet	  
	  
	  	  
	  	   Stream	  ID	  
	  
From	  V-­‐102	   	   22	  
	  
	  	  
	  	   Quantity	  (lb/hr)	   395,000	   	   395,000	  
	  
	  	  
	  	   Temperature	  (oF)	   137	   	   137	  
	  
	  	  
	  	   Pressure	  (psia)	   300	   	   337	  
	  
	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Centrifugal	  Compressor	   	  	  
	  	  
	  
Material	  
	  
Stainless	  Steel	   	  	  
	  	  
	  
Flow	  rate(gpm)	   1820	   	  	  
	  	  
	  
Efficiency	  	  
	  
-­‐	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   10,300	  
	   	  
	  	  
	  	  
	  
CBM	   $	   34,000	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Pump	  103	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Pump	  
	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   P-­‐103	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Returns	  the	  reflux	  accumulated	  back	  to	  T-­‐103	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	   	   Outlet	  
	  
	  	  
	  	   Stream	  ID	  
	  
From	  V-­‐103	   	   24	  
	  
	  	  
	  	   Quantity	  (lb/hr)	   4,430	   	   4,430	  
	  
	  	  
	  	   Temperature	  (oF)	   189	   	   189	  
	  
	  	  
	  	   Pressure	  (psia)	   200	   	   218	  
	  
	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Centrifugal	  Compressor	   	  	  
	  	  
	  
Material	  
	  
Stainless	  Steel	   	  	  
	  	  
	  
Flow	  rate(gpm)	   1090	   	  	  
	  	  
	  
Efficiency	  	  
	  
-­‐	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   8,540	  
	   	  
	  	  
	  	  
	  
CBM	   $	   28,200	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Heavy	  Removal	  Column	  100	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	  
21-­‐Apr-­‐
15	   	  	  
	  	   Item	   Distillation	  Column	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   T-­‐100	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Fractions	  off	  lighter	  hydrocarbons	  (methane	  &	  ethane)	  from	  heavier	  hydrocarbons	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	   Inlet	   Inlet	   Outlet	   Outlet	  
	  	   Stream	  ID	  
	  
5	   8	   10	   11	   18	  
	  	   Quantity	  (lb/hr)	   116,000	   50,400	   250,000	   1.14	  x	  106	   232,000	  
	  	   Temperature	  (oF)	   -­‐5.1	   -­‐50.6	   -­‐106	   -­‐63.3	   114	  
	  	   Pressure	  (psia)	   275	   275	   275	   275	   277	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Tower	   	  	  
	  	  
	  
Material	  
	  
Carbon	  steel	   	  	  
	  	  
	  
Diameter	  (ft)	   16	   	  	  
	  	  
	  
Height	  (ft)	  
	  
36	   	  	  
	  	  
	  
Weight	  (lb)	  
	   	  
239,000	  
	  
	  	  
	  	  
	  
No.	  of	  trays	  
	   	  
12	  
	  
	  	  
	  	  
	  
Tray	  Type	  
	   	  
Sieve	  
	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   1,190,000	  
	   	  
	  	  
	  	  
	  
CBM	   $	   4,950,000	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De-­‐ethanizer	  101	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Distillation	  Column	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   T-­‐101	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Fractions	  off	  ethane	  from	  heavier	  hydrocarbons	  from	  HRC	  bottoms	  product	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	   Outlet	   Outlet	   	   	  	  
	  	   Stream	  ID	  
	  
19	   20	   21	   	   	  	  
	  	   Quantity	  (lb/hr)	   232,000	   1,280	   3,500	  
	  
	  	  
	  	   Temperature	  (oF)	   118	   70	   266	   	   	  	  
	  	   Pressure	  (psia)	   550	   550	   555	   	   	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Tower	   	  	  
	  	  
	  
Material	  
	  
Carbon	  steel	   	  	  
	  	  
	  
Diameter	  (ft)	   7	   	  	  
	  	  
	  
Height	  (ft)	  
	  
88	   	  	  
	  	  
	  
Weight	  (lb)	  
	   	  
184,000	  
	  
	  	  
	  	  
	  
No.	  of	  trays	  
	   	  
38	  
	  
	  	  
	  	  
	  
Tray	  Type	  
	   	  
Sieve	  
	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   919,000	  
	   	  
	  	  
	  	  
	  
CBM	   $	   3,820,000	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Depropanizer	  102	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Distillation	  Column	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   T-­‐102	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Fractions	  off	  propane	  from	  heavier	  hydrocarbons	  from	  T-­‐101	  bottoms	  product	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	   Outlet	   Outlet	   	   	  	  
	  	   Stream	  ID	  
	  
21	   22	   23	   	   	  	  
	  	   Quantity	  (lb/hr)	   193,000	   72,300	   121,000	  
	  
	  	  
	  	   Temperature	  (oF)	   266	   137	   264	   	   	  	  
	  	   Pressure	  (psia)	   555	   300	   305	   	   	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Tower	   	  	  
	  	  
	  
Material	  
	  
Carbon	  steel	   	  	  
	  	  
	  
Diameter	  (ft)	   9	   	  	  
	  	  
	  
Height	  (ft)	  
	  
82	   	  	  
	  	  
	  
Weight	  (lb)	  
	   	  
152,000	  
	  
	  	  
	  	  
	  
No.	  of	  trays	  
	   	  
35	  
	  
	  	  
	  	  
	  
Tray	  Type	  
	   	  
Sieve	  
	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   835,000	  
	   	  
	  	  
	  	  
	  
CBM	   $	   3,470,000	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Debutanizer	  103	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Distillation	  Column	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   T-­‐103	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  	  Fractions	  off	  butane	  from	  heavier	  hydrocarbons	  from	  T-­‐102	  bottoms	  product	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	   Outlet	   Outlet	   	   	  	  
	  	   Stream	  ID	  
	  
23	   24	   25	   	   	  	  
	  	   Quantity	  (lb/hr)	   1,860	   1,210	   653	  
	  
	  	  
	  	   Temperature	  (oF)	   264	   189	   310	   	   	  	  
	  	   Pressure	  (psia)	   305	   200	   205	   	   	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Tower	   	  	  
	  	  
	  
Material	  
	  
Carbon	  steel	   	  	  
	  	  
	  
Diameter	  (ft)	   4.1	   	  	  
	  	  
	  
Height	  (ft)	  
	  
86	   	  	  
	  	  
	  
Weight	  (lb)	  
	   	  
40,500	  
	  
	  	  
	  	  
	  
No.	  of	  trays	  
	   	  
37	  
	  
	  	  
	  	  
	  
Tray	  Type	  
	   	  
Sieve	  
	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   347,000	  
	   	  
	  	  
	  	  
	  
CBM	   $	   1,440,000	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Phase	  Separator	  100	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Distillation	  Column	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   V-­‐100	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  Allows	  separation	  of	  feed	  into	  gas	  and	  liquid	  phase	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	   Outlet	   Outlet	   	   	  	  
	  	   Stream	  ID	  
	  
2	   3	   4	   	   	  	  
	  	   Quantity	  (lb/hr)	   1.37	  x	  10
6	   1.25	  x	  106	   116,495	  
	  
	  	  
	  	   Temperature	  (oF)	   24.5	   24.5	   24.5	   	   	  	  
	  	   Pressure	  (psia)	   758	   758	   758	   	   	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Tower	   	  	  
	  	  
	  
Material	  
	  
Carbon	  steel	   	  	  
	  	  
	  
Diameter	  (ft)	   14	   	  	  
	  	  
	  
Height	  (ft)	  
	  
70	   	  	  
	  	  
	  
Weight	  (lb)	  
	   	  
819,000	  
	  
	  	  
	  	  
	  
Wall	  thick.	  (in)	  
	  
5	  
	  
	  	  
	  	  
	  
Tray	  Type	  
	   	  
none	  
	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   1,003,000	  
	   	  
	  	  
	  	  
	  
CBM	   $	   3,060,000	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Reflux	  Accumulator	  101	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Tank	  
	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   V-­‐101	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  Collects	  the	  condensed	  vapor	  (mostly	  ethane)	  before	  returning	  it	  to	  the	  column	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	   	   Outlet	   	   	  	  
	  	   Stream	  ID	  
	  
From	  E-­‐105	   	   To	  P-­‐101	   	   	  	  
	  	   Quantity	  (lb/hr)	   291,000	   	   291,000	  
	  
	  	  
	  	   Temperature	  (oF)	   69	   	   69	   	   	  	  
	  	   Pressure	  (psia)	   550	   	   550	   	   	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Horizontal	  Vessel	   	  	  
	  	  
	  
Material	  
	  
Low	  Alloy	  Steel	   	  	  
	  	  
	  
Diameter	  (ft)	   17	   	  	  
	  	  
	  
Length	  (ft)	  
	  
34	   	  	  
	  	  
	  
Weight	  (lb)	  
	   	  
475,000	  
	  
	  	  
	  	  
	  
Wall	  thick.	  (in)	  
	  
4	  
	  
	  	  
	  	  
	  
Tray	  Type	  
	   	  
none	  
	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   1,270,000	  
	   	  
	  	  
	  	  
	  
CBM	   $	   3,880,000	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Reflux	  Accumulator	  102	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Tank	  
	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   V-­‐102	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  Collects	  the	  condensed	  vapor	  (mostly	  propane)	  before	  returning	  it	  to	  the	  column	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	   	   Outlet	   	   	  	  
	  	   Stream	  ID	  
	  
From	  E-­‐107	   	   To	  P-­‐102	   	   	  	  
	  	   Quantity	  (lb/hr)	   395,000	   	   395,000	  
	  
	  	  
	  	   Temperature	  (oF)	   137	   	   137	   	   	  	  
	  	   Pressure	  (psia)	   300	   	   300	   	   	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Horizontal	  Vessel	   	  	  
	  	  
	  
Material	  
	  
Low	  Alloy	  Steel	   	  	  
	  	  
	  
Diameter	  (ft)	   12	   	  	  
	  	  
	  
Length(ft)	  
	  
23	   	  	  
	  	  
	  
Weight	  (lb)	  
	   	  
84,300	  
	  
	  	  
	  	  
	  
Wall	  thick.	  (in)	  
	  
2	  
	  
	  	  
	  	  
	  
Tray	  Type	  
	   	  
none	  
	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   308,000	  
	   	  
	  	  
	  	  
	  
CBM	   $	   941,000	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Reflux	  Accumulator	  103	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Identification:	   	   	  
	   	  	   Date:	   21-­‐Apr-­‐15	   	  	  
	  	   Item	   Tank	  
	   	  	   By:	   JC/ZZ/FO	   	  	  
	  	   Item	  No.	  	   V-­‐103	  
	   	  	  
	   	  
	  	  
	  	   No.	  Required	   1	  
	  
	  	  
	   	  
	  	  
	  	   	   	  
	  
	  	  
	   	  
	  	  
	  Function:	  	  	  	  	  	  	  	  	  	  	  	  Collects	  the	  condensed	  vapor	  (mostly	  butane)	  before	  returning	  it	  to	  the	  column	  
Operation:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  24	  hours,	  daily	  
	  	  
Materials	  Handled:	  
	   	   	   	   	  
	  	  
	  	  
	   	  
Inlet	   	   Outlet	   	   	  	  
	  	   Stream	  ID	  
	  
From	  E-­‐109	   	   To	  P-­‐103	   	   	  	  
	  	   Quantity	  (lb/hr)	   4,430	   	   4,430	  
	  
	  	  
	  	   Temperature	  (oF)	   189	   	   189	   	   	  	  
	  	   Pressure	  (psia)	   200	   	   200	   	   	  	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Design	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Type	  
	  
Horizontal	  Vessel	   	  	  
	  	  
	  
Material	  
	  
Low	  Alloy	  Steel	   	  	  
	  	  
	  
Diameter	  (ft)	   10	   	  	  
	  	  
	  
Length	  (ft)	  
	  
20	   	  	  
	  	  
	  
Weight	  (lb)	  
	   	  
40,900	  
	  
	  	  
	  	  
	  
Wall	  thick.	  (in)	  
	  
1	  
	  
	  	  
	  	  
	  
Tray	  Type	  
	   	  
none	  
	  
	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Cost	  Data:	  
	   	   	   	   	   	  
	  	  
	  	  
	  
Cp	   $	   185,000	  
	   	  
	  	  
	  	  
	  
CBM	   $	   563,000	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Equipment Cost Summary 
 
Below is a summary of the equipments costs for our process design. The purchase and bare 
module costs are listed, as well as the individual bare module factors. The bare module costs 
were calculated by Matt Gaye’s equipment costing spreadsheet. The purchase costs was 
calculated by dividing the bare module cost by the bare module factor given by the spreadsheet.  
 
Unit	  
No.	   Unit	  Name	   Purchase	  Cost	  ($)	  
Bare	  
Module	  
Factor	  
Bare	  
Module	  
Cost	  ($)	  
C-­‐100	   Compressor	  100	   7,010,000	   2.15	   15,100,000	  
C-­‐101	   Booster	  Compressor	  101	   14,300,000	   2.15	   30,700,000	  
E-­‐100	   Heat	  Exchanger	  100	   2,210,000	   3.17	   6,998,000	  
E-­‐101	   Heat	  Exchanger	  101	   330,000	   3.17	   1,050,000	  
E-­‐102	   Aftercooler	  102	   447,000	   3.17	   1,420,000	  
E-­‐103	   Aftercooler	  103	   226,000	   3.17	   715,000	  
E-­‐104	   Reboiler	  104	   60,200	   3.17	   191,000	  
E-­‐105	   Condenser	  105	   180,400	   3.17	   572,000	  
E-­‐106	   Reboiler	  106	   112,000	   3.17	   354,000	  
E-­‐107	   Condenser	  107	   145,000	   3.17	   459,600	  
E-­‐108	   Reboiler	  108	   93,000	   3.17	   295,000	  
E-­‐109	   Condenser	  109	   361,000	   3.17	   1,150,000	  
E-­‐110	   Reboiler	  110	   656,000	   3.17	   2,080,000	  
E-­‐111	   Intermediate	  Reboiler	  111	   43,900	   3.17	   139,000	  
E-­‐112	   Intermediate	  Reboiler	  112	   45,600	   3.17	   145,000	  
P-­‐100	   Pump	  100	   53,600	   3.3	   177,000	  
P-­‐101	   Pump	  101	   21,500	   3.3	   70,960	  
P-­‐102	   Pump	  102	   10,300	   3.3	   33,980	  
P-­‐103	   Pump	  103	   8,540	   3.3	   28,200	  
T-­‐100	   Heavy	  Removal	  Column	  100	   1,190,000	   4.16	   4,950,000	  
T-­‐101	   Deethanizer	  101	   919,000	   4.16	   3,820,000	  
T-­‐102	   Depropanizer	   835,000	   4.16	   3,470,000	  
T-­‐103	   Debutanizer	   347,000	   4.16	   1,440,000	  
V-­‐100	   Phase	  separator	  100	   1,003,000	   3.05	   3,060,000	  
V-­‐101	   Reflux	  Accumulator	  101	   1,270,000	   3.05	   3,880,000	  
V-­‐102	   Reflux	  Accumulator	  102	   303,000	   3.05	   941,000	  
V-­‐103	   Reflux	  Accumulator	  103	   185,000	   3.05	   563,000	  
	  	   $	   32,400,000	   	  	  	  	  	  $	   83,800,000	  
Table 7. Summary of the purchase and bare module costs for all equipment. 
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Fixed-Capital Investment Summary 
 
The costs for this NGL/LPG extraction process can be decomposed into two accounting 
categories: (1) fixed capital investment required to implement the process (e.g. equipment 
purchases and installations), and (2) operating costs that are associated with the continuous 
operation of the process and manufacturing of its products. In this section, the fixed capital 
investment is estimated below using the Profitability Analysis Spreadsheet. A complete list of all 
inputs and assumptions can be found in Appendix V on page 253. 
Bare Module Cost of Fabricated Equipment  $83,490,000  
Bare Module Cost of Process Machinery  $310,000  
Total Bare Module Costs (TBM):  $83,800,000  
    
Cost of Site Preparations:  $8,380,000  
Cost of Service Facilities:  $4,190,000  
Direct Permanent Investment (DPI)  $96,370,000  
    
Cost of Contingencies & Contractor Fees  $17,350,000  
Total Depreciable Capital (TDC)  $113,700,000  
    
Cost of Land:  $5,686,000  
Cost of Royalties:  $-    
Cost of Plant Start-Up:  $11,370,000  
Total Permanent Investment - Unadjusted  $130,800,000  
Site Factor 1.10 
Total Permanent Investment (TPI)  $143,900,000  
	  	   	  	  
Present Value of Working Capital  $1,576,000  
	  	   	  	  
Total Capital Investment  $145,400,000  
 
 
Total Bare Module Costs (TBM) 
The TBM estimates all the costs associated with the acquisition and installation of key 
components of the process. The total bare module costs for equipment was estimated by adding 
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up all the bare module costs calculated in previous section. The total bare module cost of this 
process is $83,800,000. 
 
Direct Permanent Investment (DPI) 
The DPI includes the TBM in addition to costs associated with preparing the land for the 
process site and process service facilities. The cost of site preparation is approximated to be 10% 
of the total bare module cost, and the cost of service facilities is approximated to be 5% of the 
TBM. The total permanent investment of this process is $96,370,000. 
 
Total Depreciable Capital (TDC) 
In addition to the direct permanent investment, the total depreciable capital includes 
contingency costs for unanticipated events and contractors’ fees. The fees are estimated as 3% of 
the direct permanent investment. The contingency costs associated with this process are 
estimated as 15% of the DPI. The TDC is 118% of the DPI, or $113,700,000.  
 
Total Permanent Investment (TPI) 
The total permanent investment includes the total depreciable capital as well as non-
depreciable considerations such as land, royalties, and startup costs. The cost of land is estimated 
to be 5% of the total depreciable capital. Given the fact that this process is developed and 
modified from existing processes, the cost for plant startup can be estimated to be 10% of the 
TDC, resulting in a total permanent investment of $143,900,000.  
 
Present Value of Working Capital (PVWC) 
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Working capital is the capital necessary to sustain the continuous operation of the whole 
site. It includes account payable, account receivable, cash reserves, and inventory. The account 
payable, account receivable, and cash reserves are estimated to last for 30 days, while the 
inventory of both the product and the raw materials are expected to last for one week. The 
working capital of first three years of operation is showed below: 
   
2018 2019 2020 
Accounts Receivable 
 
 $579,800   $289,900   $289,800  
Cash Reserves 
 
 $2,288,000   $1,144,000   $1,144,000  
Accounts Payable 
 
 $(1,937,000)  $(968,700)  $(968,700) 
Ethane Inventory 
 
 $135,300   $67,640   $67,640  
Raw Materials 
 
 $83,950   $41,980   $41,980  
Total 
  
 $1,150,000   $575,000   $575,000  
      Present Value at 15% 
 
 $869,500   $378,000   $328,700  
 
Total Capital Investment (TC) 
The total capital investment is the sum of all above costs. The present value of the first 
three years’ working capital is taken into account of the total capital investment, in addition to 
the total permanent investment. The total capital investment is estimated to be $145.4 million.
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Operating Cost—Cost of Manufacture 
The cost of operation consists of two parts: the variable cost and the fixed cost. The 
variable cost consists of operating cost associated with purchasing raw material, selling 
byproducts, cost of utilities and other general costs. The selling expenses are estimated to be 3% 
of all products (ethane, propane, and butane) sales; the research expenses are estimated to be 
4.5% of annual total sales; the administrative expense is estimated to be 2% of total sales; the 
management incentive plan (e.g. options, compensations etc.) is estimated to be 1.25% of the 
total sales. Note that the sale of byproducts (propane and butane) contributes a huge amount to 
the revenue, but it is recorded under the operating cost section as negative cost. Therefore there 
is a negative variable cost (i.e. a profit) recorded in the breakdown below 
 
 
Variable Costs at 100% Capacity:   
      
General Expenses   
  Selling / Transfer Expenses:  $7,054,000  
  Direct Research:  $9,405,000 
  Allocated Research:  $1,254,000 
  Administrative Expense:  $4,703,000  
  Management Incentive Compensation:  $2,743,000  
      
Total General Expenses  $25,160,000  
      
Raw 
Materials   $9,728,000  
      
Byproducts   ($211,800,000) 
      
Utilities   $42,660,000  
      
Total Variable Costs  $(134,200,000) 
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The second part of operating cost is the fixed cost of operations. This part includes wages and 
salaries of operating and maintenance staff, operating overhead and taxes and insurance. The 
breakdown of operating fixed cost is given below: 
Operations           
  Number of Operators per Shift 
 
 3   
 Number of Shifts per Day  5  
  Direct Wages and Benefits 
 
   $1,248,000  
  Direct Salaries and Benefits 
 
   $187,200  
  
Operating Supplies and 
Services 
 
   $74,880  
  Technical Assistance to Manufacturing    $900,000  
  Control Laboratory 
 
   $975,000  
  
    
  
  Total Operations 
 
   $3,385,000  
  
    
  
Maintenance 
    
  
  Wages and Benefits 
 
   $5,117,000  
  Salaries and Benefits 
 
   $1,279,000 
  Materials and Services 
 
   $5,117,000  
  Maintenance Overhead 
 
   $255,900 
  
    
  
  Total Maintenance 
 
   $11,770,000  
  
    
  
Operating Overhead 
  
  
   
    
  
  General Plant Overhead: 
 
   $556,100 
  Mechanical Department Services:    $268,300  
  
Employee Relations 
Department: 
 
   $462,100 
  Business Services: 
 
   $579,600  
  
    
  
  Total Operating Overhead 
 
   $1,786,000  
  
   
    
Property Taxes and Insurance 
  
    
  
   
    
  Property Taxes and Insurance: 
 
   $2,274,000  
  
   
    
  
   
    
Total Fixed Costs        $19,220,000 
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Other Important Considerations 
 
Based on the MSDS data presented on pages 186 to 250 in the appendix for the process 
chemicals, a process safety management program should be implemented. Flammability 
considerations should be a major focus of designing a safe process. Lower flammability limits 
are as low as 1.2% for benzene [2] and as high as 15% for methane [6]. Natural gas is extremely 
flammable at the conditions we are operating under. The auto-ignition temperatures of each 
chemical are at or above 400°C (225°C being that of hexane), so the risk of the species 
spontaneously igniting is relatively low since our process is going to be operated at colder 
temperatures [5]. However, the flash points of each species fall near the ranges of temperatures 
in which we are operating. Therefore, we must be concerned with presence of ignition sources 
throughout the process. Because all of our units are operating at pressures much higher than 
atmospheric pressure, a leak will result in natural gas and other products flowing into the 
surroundings. This prevents air from leaking inward and igniting all of the products within the 
equipment itself. However, the high pressures used must be coupled with increased equipment 
maintenance to prevent rupturing. 
Another safety consideration should focus on human and environmental health. For 
instance, benzene is a known carcinogen and considered particularly hazardous by definition of 
OSHA’s Hazard Communication Standard (29 CFR 1910.1200) [2]. Engineering controls 
include providing exhaust ventilation to keep airborne concentrations of benzene vapor low. 
Since the percentage of benzene present in the natural gas feed is quite low, these effects are not 
as severe but must be monitored. Another major focus for environmental safety is to prevent 
leaks from occurring in the plant. Although natural gas does burn cleaner than other fossil fuels, 
methane leaks during product and delivery has the potential to undo this benefit. Methane is 
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known to be a greenhouse gas that is 100 times more potent than carbon dioxide, so leaks are a 
serious detriment to the environment [13]. 
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Profitability Analysis—Business Case 
 
The economic analysis of this process was conducted using a discounted cash flow 
(DCF) approach. For this method it is assumed that it will take one year to design this plant, two 
years to construct and the plant will operate for approximately 15 years – therefore bringing the 
total timeline for the project to 18 years. Two years were selected for the construction time based 
on the construction times for similarly built plants. The site factor for the plant is 1.10 as it is 
being built in the U.S. Northeast. This timeline will set how far cash flows need to be projected 
out in the DCF analysis. The plant is assumed to operate 330 days per year. Capital equipment 
will be depreciated using the MACRS depreciation schedule on a 5-year time frame, a favorable 
depreciation scheme and time period in accounting practice. A conservative 40% income tax rate 
is used to include the aggregate state and federal taxation on corporate income. Assuming equity 
financing, a 15% discount rate is used to reflect the expected risk-return requirement of 
investors. Not inflation rate (0%) is assumed to reflect the inflation of the economy. On the 
prices of chemicals, an ethane price of $0.05/lb, propane price of $0.15/lb, and butane price of 
$0.21/lb are assumed, based on the current market prices. Also, the input material (Marcellus 
shale gas) is priced at market wellhead quote of $0.00108/lb, and the residue gas is expected to 
sell for $0.0015/lb, a little higher than the unprocessed shale gas. All the utility prices are quoted 
based on the market price in northeast regional utility markets. A complete list of all inputs and 
assumptions can be found in Appendix V on page 253. 
 Based on all the assumptions above, the cash flow from production, operation, and 
financing is projected starting from the year of initial design to the end of the plant operation. 
The cash flow in each year is then discounted using the 15% discount rate, and yields their 
respective net present value. The cash flow projection is shown below
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The project has a net present value (NPV) in 2016 of $166,000,000, and an internal rate of 
return (IRR) of 32.3%. There are several aspects that contribute to the high positive NPV and 
IRR: (1) the large production capacity of the process in extracting ethane, propane, and butane 
from the shale gas; (2) the low price of Marcellus shale gas which significantly lowers the 
production variable cost; (3) the high content of ethane, propane, and butane in the Marcellus 
shale gas; also (4) the high selling price of NGL products, especially propane and butane.  
 
Several sensitivity analyses are used to examine the sensitivity of the project. Specifically, the 
product (ethane) price, the total permanent investment (TPI), and the total fixed cost are used as 
independent variables and the IRR is used as the profitability measure. It is observed from the 
sensitivity analyses that the profitability of the process is most sensitive to the TPI price and less 
sensitive to ethane selling price and inflation rate. Even if the TPI increases by 50%, the internal 
rate of return of this project is still around 15%, indicating a profitable and low-risk prospect. 
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Conclusions and Recommendations 
 
 Although the overhead product of the heavy removal column was not pure methane as 
was being targeted, there are still profitable options for selling the ethane rich distillate. The 
overall process was a success and it was found that heat exchangers, along with Joule-Thomson 
valves and other separating equipment allow for the satisfactory separation of Marcellus shale 
gas. The region as a whole has been relatively untapped and shows great promise in the future 
for NGL/LPG products. 
 It is recommended that other processes be considered in which the methane is used as a 
fuel source to heat required streams in several of our heat exchangers. It is relatively cheap and 
we are already accessing plenty of it from the shale gas that diverting a small portion to help 
subsidize utility costs might actually make the process more profitable.  
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Appendix 
 
I. Sample Calculations 
 
Cooling Water Cost for E-103: 
Water temperature during the summer can reach up to 90°F. Assuming a temperature change of 30°F (which brings 
the water up to the 120°F maximum advised by Seider et al [10], the flow rate of cooling water needed is as follows: 
 
Cp of water = 0.998 Btu/°F [11] 𝐶𝑜𝑜𝑙𝑖𝑛𝑔  𝑑𝑢𝑡𝑦𝐶!∆𝑇 = 𝑙𝑏  𝐻2𝑂ℎ𝑟 = 1.1912𝑥10
!𝐵𝑡𝑢ℎ𝑟0.998𝐵𝑡𝑢𝐹 𝑥30𝐹 = 3,978,624  𝑙𝑏𝐻2𝑂ℎ𝑟  
 
Converting this flow to gallons/year, 
 3,978,624  𝑙𝑏𝐻2𝑂ℎ𝑟 𝑥 24 ℎ𝑟𝑑𝑎𝑦   𝑥 330𝑑𝑎𝑦𝑠𝑦𝑟 𝑥 𝑔𝑎𝑙  𝐻2𝑂8.379  𝑙𝑏  𝐻2𝑂 = 3.761𝑥10! 𝑔𝑎𝑙  𝐻2𝑂𝑦𝑟    
 
Converting this to cost, 3.761𝑥10! 𝑔𝑎𝑙  𝐻2𝑂𝑦𝑟   𝑥 $0.101,000  𝑔𝑎𝑙  𝐻2𝑂 = $376,067.57𝑦𝑟   
 
Steam Cost for E-108: 
Medium pressure steam was chosen as the utility for the E-108 reboiler in T-102. Medium pressure steam is at 150 
psig and has an enthalpy of evaporation of 857 Btu/lb [12]. The heat duty for E-108 is given by Aspen as 3.508x107 
Btu/hr. 
 
The mass flow rate required is calculated: 3.508x10! Btuhr857Btulb =   40,932 lbhr   𝑥 24 ℎ𝑟𝑑𝑎𝑦 𝑥 330𝑑𝑎𝑦𝑠𝑦𝑟 =   3.242𝑥10! 𝑙𝑏  𝑠𝑡𝑒𝑎𝑚𝑦𝑟  
 
Cost of steam per year is calculated: 3.242𝑥10! 𝑙𝑏  𝑠𝑡𝑒𝑎𝑚𝑦𝑟   𝑥  $7/1000𝑙𝑏 = 2,269,255.59  
 
 
Reboiler E-104 sizing and equipment cost: 
Warm water acting as the hot stream enters at 185oF and exits at 138oF. The bottoms product is entering at 114oF 
and exits at 92.5oF. The heat duty is given to be 1.88 x 107 Btu/hr and the heat transfer coefficient is assumed to be 
U = 200 Btu/oF-ft2-hr.  
 ∆𝑻𝑳𝑴 =      𝟏𝟖𝟓 − 𝟏𝟏𝟒 −   (𝟏𝟒𝟐.𝟓 − 𝟗𝟐.𝟓)𝑳𝒏( 𝟏𝟖𝟓 − 𝟏𝟏𝟒𝟏𝟒𝟐.𝟓 − 𝟗𝟐.𝟓 ) = 𝟔𝟐.𝟒𝒐𝑭 
 𝑨 =    𝑸𝑼  𝚫𝑻𝑳𝑴 =    𝟏.𝟖𝟖  𝒙  𝟏𝟎𝟕𝟐𝟎𝟎 ∗ 𝟔𝟎.𝟎𝟐 =     𝟏𝟓𝟔𝟓  𝒇𝒕𝟐 
 𝑪𝑩 =   𝒆𝟏𝟐.𝟐𝟒𝟓𝟐!𝟎.𝟖𝟕𝟎𝟗𝑳𝒏 𝑨 !  𝟎.𝟎.𝟗𝟎𝟎𝟓(𝑳𝒏(𝑨))𝟐 =   𝒆𝟏𝟐.𝟐𝟒𝟓𝟐!𝟎.𝟖𝟕𝟎𝟗𝑳𝒏 𝟏𝟓𝟔𝟓 !  𝟎.𝟎𝟗𝟎𝟎𝟓𝑳𝒏 𝟏𝟓𝟔𝟓 𝟐 = $𝟒𝟑,𝟏𝟎𝟑 𝑭𝑴   = 𝒂 + ( 𝑨𝟏𝟎𝟎)𝒃 = 𝟐.𝟕 + 𝟏𝟓𝟔𝟓𝟏𝟎𝟎 .𝟎𝟕 =     𝟑.𝟗𝟏  for Stainless Steel 
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𝑭𝒑 = 𝟎.𝟗𝟖𝟎𝟑 + 𝟎.𝟎𝟏𝟖 𝑷𝟏𝟎𝟎 +   𝟎.𝟎𝟏𝟕  ( 𝑷𝟏𝟎𝟎)𝟐   = 𝟎.𝟗𝟖𝟎𝟑 + 𝟎.𝟎𝟏𝟖   𝟓𝟎𝟏𝟎𝟎 +   𝟎.𝟎𝟏𝟕( 𝟓𝟎𝟏𝟎𝟎)𝟐 = 𝟎.𝟗𝟗𝟑𝟓𝟓 
 𝑪𝒑 =   𝑭𝒑𝑭𝑴𝑭𝑳𝑪𝑩 = 𝟑.𝟗𝟏 ∗ 𝟏.𝟏𝟔 ∗ 𝟏 ∗ 𝟒𝟑,𝟏𝟎𝟑 = $𝟏𝟔𝟕,𝟎𝟎𝟎 𝑪𝑩𝑴 = 𝑪𝑷  𝑭𝑩𝑴 = 69,100 * 3.17 = $531,000 
*This value does not match equipment cost being used. The equipment cost reported in the in earlier tables 
was taken from Mathew Gaye’s spreadsheet (shown below). This example calculation merely demonstrates 
how one could go about calculating the purchase and bare module cost manually. 
 
 
 
 
Heat Exchanger E-100 sizing and equipment cost: 
The heat duty is given to be Q = 5.93 x 107 Btu/hr = 17.56 Mw.  
For Aluminum plate and fin core heat exchangers: 
 𝑉   𝑐𝑓𝑡 =   𝑉𝑄   𝑄 𝑀𝑤  
 𝑉𝑄 = 164 + 123 − 164 7 − 510 − 5 =   147.6 𝑐𝑓𝑡 𝑀𝑤   
 𝑉 𝑐𝑓𝑡 =   147.6 𝑐𝑓𝑡𝑀𝑤 ∗ 17.46  𝑀𝑤 = 2,577.096  𝑐𝑓𝑡 𝑁𝑜. 𝑜𝑓  𝐶𝑜𝑟𝑒𝑠 =    𝑉385 = 6.69   ≈ 7 
 𝐶! = 𝑛𝑜. 𝑜𝑓  𝐶𝑜𝑟𝑒𝑠 $330,000 = 7 ∗ 330,000 = $2,207,700 𝐶!" =   𝐶!𝐹!"!  2,207,700 ∗ 3.17 = $6,998,409 
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Phase Separator Sizing: 
 𝑈! = 0.29(𝜌! − 𝜌!𝜌! )!.! = 0.29(30.9986 − 3.918743.91874 )!.! = 0.762   𝑓𝑡𝑠  
 𝑈 = 0.85𝑈! = 0.85 ∗ 0.762 = 0.648   𝑓𝑡𝑠  
 𝐷 = 2  ( 𝑄!0.9𝜋𝑈)!.! ≈ 14  𝑓𝑡 
For horizontal vessels: if the pressure is greater than 500 psig, then  4< L/D < 6. Assume we want L/D = 5: 
 𝑙𝑒𝑛𝑔𝑡ℎ   = 5  𝐷 = 70  𝑓𝑡 
 
  
Heavy Removal Column Sizing: 𝐹!" =    𝐿𝐺 𝜌!𝜌! !.! =    2274901141430 1.4144630656 !.! = 0.04281 𝐶!" ≈ 0.39 𝐹!" = ( 𝜎20)!.! = 0.829 𝐶 = 0.829 ∗ 0.39 = 0.32331 𝑈! = 0.32331 30.656 − 1.414461.41446 = 1.470 𝑈 = 0.85  𝑈! 𝐷 = 2  ( 224.160.9𝜋 1.2495 )!.! 𝐻𝑒𝑖𝑔ℎ𝑡 = 14! +   11𝑥2! =   36  𝑓𝑡 
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II. Aspen Results 
A) Input File 
 
 ;Input Summary created by Aspen Plus Rel. 32.0 at 15:47:35 Mon Apr 6, 2015 
 ;Directory S:\Aspen Plus V8.6\full flowsheet 4.3 2 ireb  Filename 
C:\Users\jchamp\AppData\Local\Temp\~apf0c1.txt 
 ; 
  
  
 DYNAMICS 
     DYNAMICS RESULTS=ON 
  
 IN-UNITS ENG  
  
 DEF-STREAMS CONVEN ALL  
  
 MODEL-OPTION  
  
 DATABANKS 'APV86 PURE32' / 'APV86 AQUEOUS' / 'APV86 SOLIDS' /  & 
         'APV86 INORGANIC' / NOASPENPCD 
  
 PROP-SOURCES 'APV86 PURE32' / 'APV86 AQUEOUS' / 'APV86 SOLIDS' & 
          / 'APV86 INORGANIC' 
  
 COMPONENTS  
     C1 CH4 /  
     C2 C2H6 /  
     C3 C3H8 /  
     NC4 C4H10-1 /  
     IC4 C4H10-2 /  
     NC5 C5H12-1 /  
     IC5 C5H12-2 /  
     C6 C6H14-1 /  
     BENZENE C6H6  
  
 SOLVE  
     RUN-MODE MODE=SIM  
  
 FLOWSHEET  
     BLOCK EXP IN=7 OUT=8  
     BLOCK V-100 IN=2 OUT=3 4  
     BLOCK JT1 IN=9 OUT=10V 10L  
     BLOCK JT2 IN=4 OUT=5V 5L  
     BLOCK B1 IN=3 OUT=7 6  
     BLOCK B3 IN=10V 10L OUT=10  
     BLOCK B4 IN=5V 5L OUT=5  
     BLOCK E101 IN=6 11 OUT=12 9  
     BLOCK T-100 IN=10 5 8 29 OUT=11 18 27  
     BLOCK E100 IN=1 12 OUT=13 2  
     BLOCK C-100 IN=13 OUT=14  
     BLOCK E-102 IN=14 OUT=15  
     BLOCK C-101 IN=15 OUT=16  
     BLOCK E-103 IN=16 OUT=17  
     BLOCK T-103 IN=23 OUT=24 25  
     BLOCK T-102 IN=21 OUT=22 23  
     BLOCK T-101 IN=19 OUT=20 21  
     BLOCK P-100 IN=18 OUT=19  
     BLOCK E111 IN=27 25 OUT=26 28  
     BLOCK E112 IN=24 28 OUT=30 29  
  
 PROPERTIES PENG-ROB  
  
 PROP-DATA PRKBV-1 
     IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
         INVERSE-PRES='1/bar'  
     PROP-LIST PRKBV  
     BPVAL C1 C2 -2.6000000E-3 0.0 0.0 -273.1500000 726.8500000  
     BPVAL C2 C1 -2.6000000E-3 0.0 0.0 -273.1500000 726.8500000  
     BPVAL C1 C3 .0140000000 0.0 0.0 -273.1500000 726.8500000  
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     BPVAL C3 C1 .0140000000 0.0 0.0 -273.1500000 726.8500000  
     BPVAL C1 NC4 .0133000000 0.0 0.0 -273.1500000 726.8500000  
     BPVAL NC4 C1 .0133000000 0.0 0.0 -273.1500000 726.8500000  
     BPVAL C1 IC4 .0256000000 0.0 0.0 -273.1500000 726.8500000  
     BPVAL IC4 C1 .0256000000 0.0 0.0 -273.1500000 726.8500000  
     BPVAL C1 NC5 .0230000000 0.0 0.0 -273.1500000 726.8500000  
     BPVAL NC5 C1 .0230000000 0.0 0.0 -273.1500000 726.8500000  
     BPVAL C1 IC5 -5.6000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL IC5 C1 -5.6000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL C1 C6 .0422000000 0.0 0.0 -273.1500000 726.8500000  
     BPVAL C6 C1 .0422000000 0.0 0.0 -273.1500000 726.8500000  
     BPVAL C2 C3 1.10000000E-3 0.0 0.0 -273.1500000 726.8500000  
     BPVAL C3 C2 1.10000000E-3 0.0 0.0 -273.1500000 726.8500000  
     BPVAL C2 NC4 9.60000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL NC4 C2 9.60000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL C2 IC4 -6.7000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL IC4 C2 -6.7000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL C2 NC5 7.80000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL NC5 C2 7.80000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL C2 C6 -.0100000000 0.0 0.0 -273.1500000 726.8500000  
     BPVAL C6 C2 -.0100000000 0.0 0.0 -273.1500000 726.8500000  
     BPVAL C3 NC4 3.30000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL NC4 C3 3.30000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL C3 IC4 -7.8000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL IC4 C3 -7.8000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL C3 NC5 .0267000000 0.0 0.0 -273.1500000 726.8500000  
     BPVAL NC5 C3 .0267000000 0.0 0.0 -273.1500000 726.8500000  
     BPVAL C3 IC5 .0111000000 0.0 0.0 -273.1500000 726.8500000  
     BPVAL IC5 C3 .0111000000 0.0 0.0 -273.1500000 726.8500000  
     BPVAL C3 C6 7.00000000E-4 0.0 0.0 -273.1500000 726.8500000  
     BPVAL C6 C3 7.00000000E-4 0.0 0.0 -273.1500000 726.8500000  
     BPVAL NC4 IC4 -4.0000000E-4 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL IC4 NC4 -4.0000000E-4 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL NC4 NC5 .0174000000 0.0 0.0 -273.1500000 726.8500000  
     BPVAL NC5 NC4 .0174000000 0.0 0.0 -273.1500000 726.8500000  
     BPVAL NC4 IC5 2.92000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL IC5 NC4 2.92000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL NC4 C6 -5.6000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL C6 NC4 -5.6000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL NC5 IC5 0.0 0.0 0.0 -273.1500000 726.8500000  
     BPVAL IC5 NC5 0.0 0.0 0.0 -273.1500000 726.8500000  
     BPVAL C1 BENZENE .0363000000 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL BENZENE C1 .0363000000 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL C2 BENZENE .0322000000 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL BENZENE C2 .0322000000 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL C3 BENZENE .0233000000 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL BENZENE C3 .0233000000 0.0 0.0 -273.1500000  & 
         726.8500000  
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     BPVAL NC5 BENZENE .0174000000 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL BENZENE NC5 .0174000000 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL C6 BENZENE 9.30000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
     BPVAL BENZENE C6 9.30000000E-3 0.0 0.0 -273.1500000  & 
         726.8500000  
  
 STREAM 1  
     SUBSTREAM MIXED TEMP=80. PRES=764.6959488  & 
         MASS-FLOW=6. <MMtons/oper-year>  
     MOLE-FRAC C1 0.794 / C2 0.161 / C3 0.04 / NC4 0.01 /  & 
         IC4 0.01 / NC5 0.004 / IC5 0.002 / C6 0.004 /  & 
         BENZENE 5E-005  
  
 BLOCK B3 MIXER  
     PARAM  
  
 BLOCK B4 MIXER  
     PARAM  
  
 BLOCK B1 FSPLIT  
     FRAC 7 0.8  
  
 BLOCK E-102 HEATER  
     PARAM TEMP=100. PRES=-5.  
  
 BLOCK E-103 HEATER  
     PARAM TEMP=100. PRES=-5.  
  
 BLOCK JT1 FLASH2  
     PARAM PRES=275. DUTY=0.  
  
 BLOCK JT2 FLASH2  
     PARAM PRES=275. DUTY=0.  
  
 BLOCK V-100 FLASH2  
     PARAM PRES=0. DUTY=0.  
  
 BLOCK E100 MHEATX  
     HOT-SIDE IN=1 OUT=2 TEMP=20.9 PRES=-7. FREE-WATER=NO  
     COLD-SIDE IN=12 OUT=13 PRES=-7. FREE-WATER=NO  
     PARAM NPOINT=100 TQTAB-NPOINT=50 TQTAB-MAXNPT=50  
     HCURVE 1 1  
     HCURVE 2 12  
  
 BLOCK E101 MHEATX  
     HOT-SIDE IN=6 OUT=9 TEMP=-60. PRES=-7. FREE-WATER=NO  
     COLD-SIDE IN=11 OUT=12 PRES=-7. FREE-WATER=NO  
     PARAM NPOINT=100 ADAPTIVE-GRI=YES TQTAB-NPOINT=50  & 
         TQTAB-MAXNPT=50  
     HCURVE 1 6  
     HCURVE 2 11  
  
 BLOCK E111 MHEATX  
     COLD-SIDE IN=27 OUT=28 FREE-WATER=NO  
     HOT-SIDE IN=25 OUT=26 TEMP=85.6 FREE-WATER=NO  
  
 BLOCK E112 MHEATX  
     HOT-SIDE IN=24 OUT=30 TEMP=92.8 FREE-WATER=NO  
     COLD-SIDE IN=28 OUT=29 FREE-WATER=NO  
  
 BLOCK T-100 RADFRAC  
     PARAM NSTAGE=12 NPA=0 ALGORITHM=SUM-RATES  & 
         INIT-OPTION=STANDARD MAXOL=25 DAMPING=NONE  
     COL-CONFIG CONDENSER=NONE REBOILER=KETTLE  
     FEEDS 10 1 ABOVE-STAGE / 5 6 / 8 3 / 29 12 ON-STAGE  
     PRODUCTS 11 1 V / 18 12 L / 27 11 TL  
     P-SPEC 1 275.  
     COL-SPECS DP-STAGE=0.15 MOLE-BR=0.969  
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     TRAY-SIZE 1 1 7 FLEXI TRAY-SPACE=1.5  
  
 BLOCK T-101 RADFRAC  
     PARAM NSTAGE=38 ALGORITHM=STANDARD MAXOL=25 DAMPING=NONE  
     COL-CONFIG CONDENSER=PARTIAL-V  
     FEEDS 19 14  
     PRODUCTS 20 1 V / 21 38 L  
     P-SPEC 1 550.  
     COL-SPECS DP-STAGE=0.15 MOLE-D=1280. MOLE-RR=6.5  
  
 BLOCK T-102 RADFRAC  
     PARAM NSTAGE=35 ALGORITHM=STANDARD MAXOL=25 DAMPING=NONE  
     COL-CONFIG CONDENSER=TOTAL  
     FEEDS 21 15  
     PRODUCTS 22 1 L / 23 35 L  
     P-SPEC 1 300.  
     COL-SPECS DP-STAGE=0.15 MOLE-D=1639.4 MOLE-RR=4.46  
  
 BLOCK T-103 RADFRAC  
     PARAM NSTAGE=37 ALGORITHM=STANDARD MAXOL=25 DAMPING=NONE  
     COL-CONFIG CONDENSER=TOTAL  
     FEEDS 23 16  
     PRODUCTS 24 1 L / 25 37 L  
     P-SPEC 1 200.  
     COL-SPECS DP-STAGE=0.15 MOLE-D=1208.18 MOLE-RR=2.67  
  
 BLOCK P-100 PUMP  
     PARAM PRES=550.  
  
 BLOCK C-100 COMPR  
     PARAM TYPE=ISENTROPIC POWER=11734. SEFF=0.86 SB-MAXIT=30  & 
         SB-TOL=0.0001  MODEL-TYPE=COMPRESSOR  
  
 BLOCK C-101 COMPR  
     PARAM TYPE=ISENTROPIC PRES=1105. <psig> SEFF=0.86  & 
         SB-MAXIT=30 SB-TOL=0.0001   
  
 BLOCK EXP COMPR  
     PARAM TYPE=ISENTROPIC PRES=275. SEFF=0.86 NPHASE=2  & 
         SB-MAXIT=30 SB-TOL=0.0001  MODEL-TYPE=TURBINE  
     BLOCK-OPTION FREE-WATER=NO  
  
 DESIGN-SPEC DTE1  
     DEFINE DT BLOCK-VAR BLOCK=E100 VARIABLE=MITA  & 
         SENTENCE=RESULTS UOM="F"  
     SPEC "DT" TO "5"  
     TOL-SPEC "0.1"  
     VARY BLOCK-VAR BLOCK=E100 VARIABLE=TEMP SENTENCE=HOT-SIDE  & 
         ID1=1 UOM="F"  
     LIMITS "-100" "70"  
  
 DESIGN-SPEC DTE2  
     DEFINE DT BLOCK-VAR BLOCK=E101 VARIABLE=MITA  & 
         SENTENCE=RESULTS UOM="F"  
     SPEC "DT" TO "5.0"  
     TOL-SPEC ".1"  
     VARY BLOCK-VAR BLOCK=E101 VARIABLE=TEMP SENTENCE=HOT-SIDE  & 
         ID1=6 UOM="F"  
     LIMITS "-100" "50"  
  
 EO-CONV-OPTI  
  
 STREAM-REPOR MOLEFLOW MASSFLOW MOLEFRAC MASSFRAC  
 ; 
 ; 
 ; 
 ; 
 ; 
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B) Stream Results 
 
  1 10 10L 10V 11                          
  --------------- 
  
  STREAM ID               1          10         10L        10V        11       
  FROM :                  ----       B3         JT1        JT1        T-100    
  TO   :                  E100       T-100      B3         B3         E101     
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR      MIXED      LIQUID     VAPOR      VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                  5.1061+04  1.0040+04  1118.8282  8920.9238  5.1061+04 
    C2                  1.0354+04  1923.7606  1299.6490   624.1116  9078.0339 
    C3                  2572.3209   424.2941   398.3469    25.9472   924.4308 
    NC4                  643.0802    80.4059    79.6654     0.7405    27.1073 
    IC4                  643.0802    87.5301    86.2897     1.2404    45.7532 
    NC5                  257.2321    20.3755    20.3451  3.0424-02     1.2511 
    IC5                  128.6160    11.4016    11.3783  2.3286-02     0.9378 
    C6                   257.2321     9.2885     9.2869  1.6221-03  7.9440-02 
    BENZENE                3.2154     0.1265     0.1265  4.3968-05  1.8578-03 
  COMPONENTS: MOLE FRAC        
    C1                     0.7746     0.7970     0.3700     0.9319     0.8352 
    C2                     0.1571     0.1527     0.4298  6.5195-02     0.1485 
    C3                  3.9022-02  3.3682-02     0.1317  2.7104-03  1.5120-02 
    NC4                 9.7556-03  6.3830-03  2.6345-02  7.7351-05  4.4338-04 
    IC4                 9.7556-03  6.9485-03  2.8536-02  1.2957-04  7.4836-04 
    NC5                 3.9022-03  1.6175-03  6.7281-03  3.1781-06  2.0464-05 
    IC5                 1.9511-03  9.0511-04  3.7628-03  2.4324-06  1.5338-05 
    C6                  3.9022-03  7.3736-04  3.0712-03  1.6944-07  1.2994-06 
    BENZENE             4.8778-05  1.0044-05  4.1828-05  4.5929-09  3.0387-08 
  COMPONENTS: LB/HR            
    C1                  8.1915+05  1.6107+05  1.7949+04  1.4312+05  8.1915+05 
    C2                  3.1133+05  5.7847+04  3.9080+04  1.8767+04  2.7297+05 
    C3                  1.1343+05  1.8710+04  1.7566+04  1144.1794  4.0764+04 
    NC4                 3.7378+04  4673.4651  4630.4258    43.0393  1575.5682 
    IC4                 3.7378+04  5087.5454  5015.4502    72.0952  2659.3310 
    NC5                 1.8559+04  1470.1010  1467.9059     2.1951    90.2706 
    IC5                 9279.6836   822.6259   820.9458     1.6801    67.6595 
    C6                  2.2168+04   800.4593   800.3195     0.1398     6.8459 
    BENZENE              251.1667     9.8835     9.8801  3.4345-03     0.1451 
  COMPONENTS: MASS FRAC        
    C1                     0.5984     0.6430     0.2055     0.8772     0.7203 
    C2                     0.2274     0.2309     0.4474     0.1150     0.2400 
    C3                  8.2861-02  7.4694-02     0.2011  7.0132-03  3.5843-02 
    NC4                 2.7305-02  1.8658-02  5.3016-02  2.6381-04  1.3854-03 
    IC4                 2.7305-02  2.0311-02  5.7425-02  4.4190-04  2.3383-03 
    NC5                 1.3558-02  5.8690-03  1.6807-02  1.3455-05  7.9373-05 
    IC5                 6.7788-03  3.2841-03  9.3995-03  1.0298-05  5.9492-05 
    C6                  1.6193-02  3.1956-03  9.1633-03  8.5680-07  6.0195-06 
    BENZENE             1.8348-04  3.9457-05  1.1312-04  2.1052-08  1.2760-07 
  TOTAL FLOW:      
    LBMOL/HR            6.5919+04  1.2597+04  3023.9159  9573.0188  6.1138+04 
    LB/HR               1.3689+06  2.5049+05  8.7340+04  1.6315+05  1.1373+06 
    CUFT/HR             4.0523+05  1.1120+05  2791.4927  1.0841+05  8.0401+05 
  STATE VARIABLES: 
    TEMP   F              80.0000  -106.4705  -106.4708  -106.4708   -63.2894 
    PRES   PSIA          764.6959   275.0000   275.0000   275.0000   275.0000 
    VFRAC                  1.0000     0.7599     0.0        1.0000     1.0000 
    LFRAC                  0.0        0.2401     1.0000     0.0        0.0    
    SFRAC                  0.0        0.0        0.0        0.0        0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.4642+04 -3.6793+04 -4.4894+04 -3.4234+04 -3.4441+04 
    BTU/LB             -1668.1444 -1850.3157 -1554.3240 -2008.7736 -1851.4851 
    BTU/HR             -2.2836+09 -4.6348+08 -1.3575+08 -3.2772+08 -2.1057+09 
  ENTROPY:         
    BTU/LBMOL-R          -34.0450   -37.4689   -60.1372   -30.3085   -31.3953 
    BTU/LB-R              -1.6394    -1.8843    -2.0821    -1.7784    -1.6877 
  DENSITY:         
    LBMOL/CUFT             0.1627     0.1133     1.0833  8.8302-02  7.6041-02 
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    LB/CUFT                3.3781     2.2525    31.2878     1.5049     1.4145 
  AVG MW                  20.7668    19.8847    28.8830    17.0423    18.6020 
  
  12 13 14 15 16                           
  -------------- 
  
  STREAM ID               12         13         14         15         16       
  FROM :                  E101       E100       C-100      E-102      C-101    
  TO   :                  E100       C-100      E-102      C-101      E-103    
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR      VAPOR      VAPOR      VAPOR      VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                  5.1061+04  5.1061+04  5.1061+04  5.1061+04  5.1061+04 
    C2                  9078.0339  9078.0339  9078.0339  9078.0339  9078.0339 
    C3                   924.4308   924.4308   924.4308   924.4308   924.4308 
    NC4                   27.1073    27.1073    27.1073    27.1073    27.1073 
    IC4                   45.7532    45.7532    45.7532    45.7532    45.7532 
    NC5                    1.2511     1.2511     1.2511     1.2511     1.2511 
    IC5                    0.9378     0.9378     0.9378     0.9378     0.9378 
    C6                  7.9440-02  7.9440-02  7.9440-02  7.9440-02  7.9440-02 
    BENZENE             1.8578-03  1.8578-03  1.8578-03  1.8578-03  1.8578-03 
  COMPONENTS: MOLE FRAC        
    C1                     0.8352     0.8352     0.8352     0.8352     0.8352 
    C2                     0.1485     0.1485     0.1485     0.1485     0.1485 
    C3                  1.5120-02  1.5120-02  1.5120-02  1.5120-02  1.5120-02 
    NC4                 4.4338-04  4.4338-04  4.4338-04  4.4338-04  4.4338-04 
    IC4                 7.4836-04  7.4836-04  7.4836-04  7.4836-04  7.4836-04 
    NC5                 2.0464-05  2.0464-05  2.0464-05  2.0464-05  2.0464-05 
    IC5                 1.5338-05  1.5338-05  1.5338-05  1.5338-05  1.5338-05 
    C6                  1.2994-06  1.2994-06  1.2994-06  1.2994-06  1.2994-06 
    BENZENE             3.0387-08  3.0387-08  3.0387-08  3.0387-08  3.0387-08 
  COMPONENTS: LB/HR            
    C1                  8.1915+05  8.1915+05  8.1915+05  8.1915+05  8.1915+05 
    C2                  2.7297+05  2.7297+05  2.7297+05  2.7297+05  2.7297+05 
    C3                  4.0764+04  4.0764+04  4.0764+04  4.0764+04  4.0764+04 
    NC4                 1575.5682  1575.5682  1575.5682  1575.5682  1575.5682 
    IC4                 2659.3310  2659.3310  2659.3310  2659.3310  2659.3310 
    NC5                   90.2706    90.2706    90.2706    90.2706    90.2706 
    IC5                   67.6595    67.6595    67.6595    67.6595    67.6595 
    C6                     6.8459     6.8459     6.8459     6.8459     6.8459 
    BENZENE                0.1451     0.1451     0.1451     0.1451     0.1451 
  COMPONENTS: MASS FRAC        
    C1                     0.7203     0.7203     0.7203     0.7203     0.7203 
    C2                     0.2400     0.2400     0.2400     0.2400     0.2400 
    C3                  3.5843-02  3.5843-02  3.5843-02  3.5843-02  3.5843-02 
    NC4                 1.3854-03  1.3854-03  1.3854-03  1.3854-03  1.3854-03 
    IC4                 2.3383-03  2.3383-03  2.3383-03  2.3383-03  2.3383-03 
    NC5                 7.9373-05  7.9373-05  7.9373-05  7.9373-05  7.9373-05 
    IC5                 5.9492-05  5.9492-05  5.9492-05  5.9492-05  5.9492-05 
    C6                  6.0195-06  6.0195-06  6.0195-06  6.0195-06  6.0195-06 
    BENZENE             1.2760-07  1.2760-07  1.2760-07  1.2760-07  1.2760-07 
  TOTAL FLOW:      
    LBMOL/HR            6.1138+04  6.1138+04  6.1138+04  6.1138+04  6.1138+04 
    LB/HR               1.1373+06  1.1373+06  1.1373+06  1.1373+06  1.1373+06 
    CUFT/HR             9.5278+05  1.2704+06  9.3852+05  8.8900+05  3.9623+05 
  STATE VARIABLES: 
    TEMP   F             -23.5109    74.9739   131.7130   100.0000   262.3714 
    PRES   PSIA          268.0000   261.0000   389.7500   384.7500  1119.6959 
    VFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
    LFRAC                  0.0        0.0        0.0        0.0        0.0    
    SFRAC                  0.0        0.0        0.0        0.0        0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.4035+04 -3.3064+04 -3.2576+04 -3.2900+04 -3.1456+04 
    BTU/LB             -1829.6331 -1777.4632 -1751.2110 -1768.6231 -1691.0108 
    BTU/HR             -2.0808+09 -2.0215+09 -1.9916+09 -2.0114+09 -1.9232+09 
  ENTROPY:         
    BTU/LBMOL-R          -30.3730   -28.3183   -28.2020   -28.7409   -28.4577 
    BTU/LB-R              -1.6328    -1.5223    -1.5161    -1.5450    -1.5298 
  DENSITY:         
    LBMOL/CUFT          6.4168-02  4.8125-02  6.5143-02  6.8772-02     0.1543 
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    LB/CUFT                1.1937     0.8952     1.2118     1.2793     2.8703 
  AVG MW                  18.6020    18.6020    18.6020    18.6020    18.6020 
  
  17 18 19 2 20                            
  ------------- 
  
  STREAM ID               17         18         19         2          20       
  FROM :                  E-103      T-100      P-100      E100       T-101    
  TO   :                  ----       P-100      T-101      V-100      ----     
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR      LIQUID     LIQUID     MIXED      VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                  5.1061+04  4.9798-02  4.9798-02  5.1061+04  4.9798-02 
    C2                  9078.0339  1275.3518  1275.3518  1.0354+04  1267.5295 
    C3                   924.4308  1647.8940  1647.8940  2572.3209    12.4150 
    NC4                   27.1073   615.9735   615.9735   643.0802  1.2519-03 
    IC4                   45.7532   597.3273   597.3273   643.0802  4.5096-03 
    NC5                    1.2511   255.9831   255.9831   257.2321  3.3112-07 
    IC5                    0.9378   127.6790   127.6790   128.6160  5.3362-07 
    C6                  7.9440-02   257.1537   257.1537   257.2321  3.1871-11 
    BENZENE             1.8578-03     3.2136     3.2136     3.2154  1.0395-11 
  COMPONENTS: MOLE FRAC        
    C1                     0.8352  1.0417-05  1.0417-05     0.7746  3.8905-05 
    C2                     0.1485     0.2668     0.2668     0.1571     0.9903 
    C3                  1.5120-02     0.3447     0.3447  3.9022-02  9.6992-03 
    NC4                 4.4338-04     0.1288     0.1288  9.7556-03  9.7805-07 
    IC4                 7.4836-04     0.1249     0.1249  9.7556-03  3.5231-06 
    NC5                 2.0464-05  5.3546-02  5.3546-02  3.9022-03  2.5869-10 
    IC5                 1.5338-05  2.6708-02  2.6708-02  1.9511-03  4.1689-10 
    C6                  1.2994-06  5.3791-02  5.3791-02  3.9022-03  2.4899-14 
    BENZENE             3.0387-08  6.7220-04  6.7220-04  4.8778-05  8.1210-15 
  COMPONENTS: LB/HR            
    C1                  8.1915+05     0.7989     0.7989  8.1915+05     0.7989 
    C2                  2.7297+05  3.8349+04  3.8349+04  3.1133+05  3.8114+04 
    C3                  4.0764+04  7.2666+04  7.2666+04  1.1343+05   547.4562 
    NC4                 1575.5682  3.5802+04  3.5802+04  3.7378+04  7.2765-02 
    IC4                 2659.3310  3.4719+04  3.4719+04  3.7378+04     0.2621 
    NC5                   90.2706  1.8469+04  1.8469+04  1.8559+04  2.3890-05 
    IC5                   67.6595  9212.0727  9212.0727  9279.6836  3.8501-05 
    C6                     6.8459  2.2161+04  2.2161+04  2.2168+04  2.7465-09 
    BENZENE                0.1451   251.0223   251.0223   251.1667  8.1198-10 
  COMPONENTS: MASS FRAC        
    C1                     0.7203  3.4490-06  3.4490-06     0.5984  2.0663-05 
    C2                     0.2400     0.1656     0.1656     0.2274     0.9858 
    C3                  3.5843-02     0.3137     0.3137  8.2861-02  1.4160-02 
    NC4                 1.3854-03     0.1546     0.1546  2.7305-02  1.8820-06 
    IC4                 2.3383-03     0.1499     0.1499  2.7305-02  6.7795-06 
    NC5                 7.9373-05  7.9736-02  7.9736-02  1.3558-02  6.1792-10 
    IC5                 5.9492-05  3.9770-02  3.9770-02  6.7788-03  9.9581-10 
    C6                  6.0195-06  9.5673-02  9.5673-02  1.6193-02  7.1038-14 
    BENZENE             1.2760-07  1.0837-03  1.0837-03  1.8348-04  2.1002-14 
  TOTAL FLOW:      
    LBMOL/HR            6.1138+04  4780.6256  4780.6256  6.5919+04  1280.0000 
    LB/HR               1.1373+06  2.3163+05  2.3163+05  1.3689+06  3.8663+04 
    CUFT/HR             2.7086+05  7548.6957  7602.7518  3.2606+05  6962.8874 
  STATE VARIABLES: 
    TEMP   F             100.0000   113.7026   117.7660    24.5239    69.8752 
    PRES   PSIA         1114.6959   276.6500   550.0000   757.6959   550.0000 
    VFRAC                  1.0000     0.0        0.0        0.9555     1.0000 
    LFRAC                  0.0        1.0000     1.0000  4.4519-02     0.0    
    SFRAC                  0.0        0.0        0.0        0.0        0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.3398+04 -5.4693+04 -5.4589+04 -3.5542+04 -3.7777+04 
    BTU/LB             -1795.3893 -1128.8168 -1126.6647 -1711.4866 -1250.6822 
    BTU/HR             -2.0419+09 -2.6147+08 -2.6097+08 -2.3429+09 -4.8355+07 
  ENTROPY:         
    BTU/LBMOL-R          -31.4970   -84.2140   -84.1681   -35.7975   -51.2558 
    BTU/LB-R              -1.6932    -1.7381    -1.7371    -1.7238    -1.6969 
  DENSITY:         
    LBMOL/CUFT             0.2257     0.6333     0.6288     0.2022     0.1838 
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    LB/CUFT                4.1987    30.6849    30.4667     4.1984     5.5527 
  AVG MW                  18.6020    48.4520    48.4520    20.7668    30.2053 
  
  21 22 23 24 25                           
  -------------- 
  
  STREAM ID               21         22         23         24         25       
  FROM :                  T-101      T-102      T-102      T-103      T-103    
  TO   :                  T-102      ----       T-103      E112       E111     
  
  SUBSTREAM: MIXED    
  PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     LIQUID  
  COMPONENTS: LBMOL/HR         
    C1                  1.1818-09  1.1818-09  1.7178-25     0.0        0.0    
    C2                     7.8223     7.8223  8.2484-08  8.2484-08  2.6288-22 
    C3                  1635.4791  1624.8358    10.6433    10.6433  4.2642-08 
    NC4                  615.9722     0.8058   615.1664   604.8776    10.2888 
    IC4                  597.3228     5.9358   591.3870   591.0601     0.3268 
    NC5                  255.9831  1.1323-04   255.9830     0.4900   255.4930 
    IC5                  127.6790  1.6749-04   127.6788     1.1089   126.5698 
    C6                   257.1537  1.1532-09   257.1537  5.2112-06   257.1536 
    BENZENE                3.2136  1.1108-10     3.2136  9.7493-08     3.2136 
  COMPONENTS: MOLE FRAC        
    C1                  3.3760-13  7.2088-13  9.2295-29     0.0        0.0    
    C2                  2.2345-03  4.7714-03  4.4317-11  6.8271-11  4.0254-25 
    C3                     0.4672     0.9911  5.7184-03  8.8094-03  6.5298-11 
    NC4                    0.1760  4.9153-04     0.3305     0.5007  1.5755-02 
    IC4                    0.1706  3.6207-03     0.3177     0.4892  5.0045-04 
    NC5                 7.3125-02  6.9071-08     0.1375  4.0558-04     0.3912 
    IC5                 3.6473-02  1.0217-07  6.8599-02  9.1786-04     0.1938 
    C6                  7.3459-02  7.0344-13     0.1382  4.3133-09     0.3938 
    BENZENE             9.1799-04  6.7759-14  1.7266-03  8.0694-11  4.9209-03 
  COMPONENTS: LB/HR            
    C1                  1.8959-08  1.8959-08  2.7559-24     0.0        0.0    
    C2                   235.2138   235.2138  2.4803-06  2.4803-06  7.9046-21 
    C3                  7.2119+04  7.1650+04   469.3323   469.3323  1.8804-06 
    NC4                 3.5802+04    46.8367  3.5756+04  3.5158+04   598.0199 
    IC4                 3.4718+04   345.0107  3.4373+04  3.4354+04    18.9956 
    NC5                 1.8469+04  8.1699-03  1.8469+04    35.3546  1.8434+04 
    IC5                 9212.0727  1.2085-02  9212.0606    80.0107  9132.0499 
    C6                  2.2161+04  9.9381-08  2.2161+04  4.4909-04  2.2161+04 
    BENZENE              251.0223  8.6772-09   251.0223  7.6155-06   251.0223 
  COMPONENTS: MASS FRAC        
    C1                  9.8252-14  2.6232-13  2.2834-29     0.0        0.0    
    C2                  1.2189-03  3.2544-03  2.0550-11  3.5383-11  1.5623-25 
    C3                     0.3737     0.9913  3.8887-03  6.6955-03  3.7166-11 
    NC4                    0.1855  6.4802-04     0.2963     0.5016  1.1820-02 
    IC4                    0.1799  4.7735-03     0.2848     0.4901  3.7545-04 
    NC5                 9.5711-02  1.1304-07     0.1530  5.0437-04     0.3643 
    IC5                 4.7739-02  1.6720-07  7.6327-02  1.1414-03     0.1805 
    C6                     0.1148  1.3750-12     0.1836  6.4067-09     0.4380 
    BENZENE             1.3008-03  1.2006-13  2.0799-03  1.0864-10  4.9614-03 
  TOTAL FLOW:      
    LBMOL/HR            3500.6256  1639.4000  1861.2256  1208.1800   653.0456 
    LB/HR               1.9297+05  7.2277+04  1.2069+05  7.0097+04  5.0595+04 
    CUFT/HR             8755.7743  2683.3217  4357.5330  2377.5676  1703.0066 
  STATE VARIABLES: 
    TEMP   F             265.7051   136.9853   264.3739   189.1076   310.1104 
    PRES   PSIA          555.5500   300.0000   305.1000   200.0000   205.4000 
    VFRAC                  0.0        0.0        0.0        0.0        0.0    
    LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
    SFRAC                  0.0        0.0        0.0        0.0        0.0    
  ENTHALPY:        
    BTU/LBMOL          -5.3512+04 -4.9990+04 -6.1608+04 -6.0647+04 -6.7049+04 
    BTU/LB              -970.7623 -1133.8822  -950.0843 -1045.3017  -865.4260 
    BTU/HR             -1.8733+08 -8.1953+07 -1.1467+08 -7.3272+07 -4.3786+07 
  ENTROPY:         
    BTU/LBMOL-R          -86.3509   -77.8758  -103.3880   -99.0180  -120.3184 
    BTU/LB-R              -1.5665    -1.7664    -1.5944    -1.7067    -1.5530 
  DENSITY:         
    LBMOL/CUFT             0.3998     0.6110     0.4271     0.5082     0.3835 
 95 
    LB/CUFT               22.0390    26.9355    27.6972    29.4825    29.7091 
  AVG MW                  55.1239    44.0873    64.8451    58.0184    77.4751 
  
  26 27 28 29 3                            
  ------------- 
  
  STREAM ID               26         27         28         29         3        
  FROM :                  E111       T-100      E111       E112       V-100    
  TO   :                  ----       E111       E112       T-100      B1       
  
  
  MAX CONV. ERROR:         0.0        0.0        0.0     8.7347-05     0.0    
  SUBSTREAM: MIXED    
  PHASE:                  LIQUID     LIQUID     MIXED      MIXED      VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                     0.0        0.4271     0.4271     0.4271  5.0199+04 
    C2                  2.6288-22  3973.1649  3973.1649  3973.1649  9618.8028 
    C3                  4.2642-08  3046.4005  3046.4005  3046.4005  2121.4704 
    NC4                   10.2888   826.6239   826.6239   826.6239   402.0296 
    IC4                    0.3268   845.7102   845.7102   845.7102   437.6504 
    NC5                  255.4930   295.3060   295.3060   295.3060   101.8777 
    IC5                  126.5698   150.3417   150.3417   150.3417    57.0078 
    C6                   257.1536   271.8486   271.8486   271.8486    46.4427 
    BENZENE                3.2136     3.4262     3.4262     3.4262     0.6326 
  COMPONENTS: MOLE FRAC        
    C1                     0.0     4.5374-05  4.5374-05  4.5374-05     0.7970 
    C2                  4.0254-25     0.4221     0.4221     0.4221     0.1527 
    C3                  6.5298-11     0.3236     0.3236     0.3236  3.3682-02 
    NC4                 1.5755-02  8.7815-02  8.7815-02  8.7815-02  6.3830-03 
    IC4                 5.0045-04  8.9843-02  8.9843-02  8.9843-02  6.9485-03 
    NC5                    0.3912  3.1371-02  3.1371-02  3.1371-02  1.6175-03 
    IC5                    0.1938  1.5971-02  1.5971-02  1.5971-02  9.0511-04 
    C6                     0.3938  2.8879-02  2.8879-02  2.8879-02  7.3736-04 
    BENZENE             4.9209-03  3.6397-04  3.6397-04  3.6397-04  1.0044-05 
  COMPONENTS: LB/HR            
    C1                     0.0        6.8521     6.8521     6.8521  8.0533+05 
    C2                  7.9046-21  1.1947+05  1.1947+05  1.1947+05  2.8923+05 
    C3                  1.8804-06  1.3434+05  1.3434+05  1.3434+05  9.3549+04 
    NC4                  598.0199  4.8046+04  4.8046+04  4.8046+04  2.3367+04 
    IC4                   18.9956  4.9156+04  4.9156+04  4.9156+04  2.5438+04 
    NC5                 1.8434+04  2.1306+04  2.1306+04  2.1306+04  7350.5052 
    IC5                 9132.0499  1.0847+04  1.0847+04  1.0847+04  4113.1294 
    C6                  2.2161+04  2.3427+04  2.3427+04  2.3427+04  4002.2963 
    BENZENE              251.0223   267.6295   267.6295   267.6295    49.4175 
  COMPONENTS: MASS FRAC        
    C1                     0.0     1.6841-05  1.6841-05  1.6841-05     0.6430 
    C2                  1.5623-25     0.2936     0.2936     0.2936     0.2309 
    C3                  3.7166-11     0.3302     0.3302     0.3302  7.4694-02 
    NC4                 1.1820-02     0.1181     0.1181     0.1181  1.8658-02 
    IC4                 3.7545-04     0.1208     0.1208     0.1208  2.0311-02 
    NC5                    0.3643  5.2367-02  5.2367-02  5.2367-02  5.8690-03 
    IC5                    0.1805  2.6660-02  2.6660-02  2.6660-02  3.2841-03 
    C6                     0.4380  5.7580-02  5.7580-02  5.7580-02  3.1956-03 
    BENZENE             4.9614-03  6.5779-04  6.5779-04  6.5779-04  3.9457-05 
  TOTAL FLOW:      
    LBMOL/HR             653.0456  9413.2491  9413.2491  9413.2491  6.2985+04 
    LB/HR               5.0595+04  4.0686+05  4.0686+05  4.0686+05  1.2524+06 
    CUFT/HR             1283.4418  1.3450+04  3.1308+04  4.2132+04  3.2231+05 
  STATE VARIABLES: 
    TEMP   F              85.6000    80.5715    87.7973    92.4598    24.5246 
    PRES   PSIA          205.4000   276.5000   276.5000   276.5000   757.6959 
    VFRAC                  0.0        0.0        0.1249     0.1988     1.0000 
    LFRAC                  1.0000     1.0000     0.8751     0.8012     0.0    
    SFRAC                  0.0        0.0        0.0        0.0        0.0    
  ENTHALPY:        
    BTU/LBMOL          -7.8157+04 -5.1395+04 -5.0624+04 -5.0152+04 -3.4820+04 
    BTU/LB             -1008.8033 -1189.0719 -1171.2425 -1160.3261 -1751.1007 
    BTU/HR             -5.1040+07 -4.8379+08 -4.7654+08 -4.7210+08 -2.1931+09 
  ENTROPY:         
    BTU/LBMOL-R         -137.1909   -77.1278   -75.7106   -74.8524   -34.0671 
    BTU/LB-R              -1.7708    -1.7844    -1.7516    -1.7318    -1.7132 
 96 
  DENSITY:         
    LBMOL/CUFT             0.5088     0.6999     0.3007     0.2234     0.1954 
    LB/CUFT               39.4211    30.2507    12.9955     9.6568     3.8858 
  AVG MW                  77.4751    43.2225    43.2225    43.2225    19.8847 
  
  30 4 5 5L 5V                             
  ------------ 
  
  STREAM ID               30         4          5          5L         5V       
  FROM :                  E112       V-100      B4         JT2        JT2      
  TO   :                  ----       JT2        T-100      B4         B4       
  
  SUBSTREAM: MIXED    
  PHASE:                  LIQUID     LIQUID     MIXED      LIQUID     VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                     0.0      861.8098   861.8098   243.5037   618.3061 
    C2                  8.2484-08   734.7887   734.7887   558.8418   175.9470 
    C3                    10.6433   450.8504   450.8504   419.4202    31.4302 
    NC4                  604.8776   241.0507   241.0507   236.9232     4.1274 
    IC4                  591.0601   205.4299   205.4299   200.5111     4.9187 
    NC5                    0.4900   155.3544   155.3544   154.6324     0.7219 
    IC5                    1.1089    71.6082    71.6082    71.1668     0.4415 
    C6                  5.2112-06   210.7894   210.7894   210.5781     0.2113 
    BENZENE             9.7493-08     2.5828     2.5828     2.5796  3.2119-03 
  COMPONENTS: MOLE FRAC        
    C1                     0.0        0.2937     0.2937     0.1161     0.7395 
    C2                  6.8271-11     0.2504     0.2504     0.2663     0.2104 
    C3                  8.8094-03     0.1537     0.1537     0.1999  3.7591-02 
    NC4                    0.5007  8.2150-02  8.2150-02     0.1129  4.9365-03 
    IC4                    0.4892  7.0011-02  7.0011-02  9.5565-02  5.8829-03 
    NC5                 4.0558-04  5.2945-02  5.2945-02  7.3699-02  8.6346-04 
    IC5                 9.1786-04  2.4404-02  2.4404-02  3.3919-02  5.2802-04 
    C6                  4.3133-09  7.1837-02  7.1837-02     0.1004  2.5273-04 
    BENZENE             8.0694-11  8.8021-04  8.8021-04  1.2294-03  3.8415-06 
  COMPONENTS: LB/HR            
    C1                     0.0     1.3826+04  1.3826+04  3906.4720  9919.3356 
    C2                  2.4803-06  2.2095+04  2.2095+04  1.6804+04  5290.6626 
    C3                   469.3323  1.9881+04  1.9881+04  1.8495+04  1385.9616 
    NC4                 3.5158+04  1.4011+04  1.4011+04  1.3771+04   239.9002 
    IC4                 3.4354+04  1.1940+04  1.1940+04  1.1654+04   285.8930 
    NC5                   35.3546  1.1209+04  1.1209+04  1.1157+04    52.0888 
    IC5                   80.0107  5166.5541  5166.5541  5134.7013    31.8528 
    C6                  4.4909-04  1.8165+04  1.8165+04  1.8147+04    18.2103 
    BENZENE             7.6155-06   201.7492   201.7492   201.4983     0.2509 
  COMPONENTS: MASS FRAC        
    C1                     0.0        0.1187     0.1187  3.9352-02     0.5759 
    C2                  3.5383-11     0.1897     0.1897     0.1693     0.3072 
    C3                  6.6955-03     0.1707     0.1707     0.1863  8.0466-02 
    NC4                    0.5016     0.1203     0.1203     0.1387  1.3928-02 
    IC4                    0.4901     0.1025     0.1025     0.1174  1.6598-02 
    NC5                 5.0437-04  9.6218-02  9.6218-02     0.1124  3.0242-03 
    IC5                 1.1414-03  4.4350-02  4.4350-02  5.1724-02  1.8493-03 
    C6                  6.4067-09     0.1559     0.1559     0.1828  1.0573-03 
    BENZENE             1.0864-10  1.7318-03  1.7318-03  2.0298-03  1.4566-05 
  TOTAL FLOW:      
    LBMOL/HR            1208.1800  2934.2643  2934.2643  2098.1570   836.1073 
    LB/HR               7.0097+04  1.1649+05  1.1649+05  9.9271+04  1.7224+04 
    CUFT/HR             2037.1101  3757.6009  1.5844+04  2799.1207  1.3044+04 
  STATE VARIABLES: 
    TEMP   F              92.8000    24.5246    -5.1466    -5.1471    -5.1471 
    PRES   PSIA          200.0000   757.6959   275.0000   275.0000   275.0000 
    VFRAC                  0.0        0.0        0.2849     0.0        1.0000 
    LFRAC                  1.0000     1.0000     0.7151     1.0000     0.0    
    SFRAC                  0.0        0.0        0.0        0.0        0.0    
  ENTHALPY:        
    BTU/LBMOL          -6.4323+04 -5.1040+04 -5.1040+04 -5.7515+04 -3.4791+04 
    BTU/LB             -1108.6636 -1285.5830 -1285.5835 -1215.6126 -1688.8578 
    BTU/HR             -7.7714+07 -1.4976+08 -1.4976+08 -1.2067+08 -2.9089+07 
  ENTROPY:         
    BTU/LBMOL-R         -105.1320   -72.9386   -72.4515   -88.1881   -32.9616 
    BTU/LB-R              -1.8120    -1.8372    -1.8249    -1.8639    -1.6000 
 97 
  DENSITY:         
    LBMOL/CUFT             0.5931     0.7809     0.1852     0.7496  6.4097-02 
    LB/CUFT               34.4099    31.0025     7.3528    35.4650     1.3204 
  AVG MW                  58.0184    39.7016    39.7016    47.3133    20.6004 
  
  6 7 8 9                                  
  ------- 
  
  STREAM ID               6          7          8          9        
  FROM :                  B1         B1         EXP        E101     
  TO   :                  E101       EXP        T-100      JT1      
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR      VAPOR      MIXED      MIXED   
  COMPONENTS: LBMOL/HR         
    C1                  1.0040+04  4.0159+04  4.0159+04  1.0040+04 
    C2                  1923.7606  7695.0422  7695.0422  1923.7606 
    C3                   424.2941  1697.1764  1697.1764   424.2941 
    NC4                   80.4059   321.6237   321.6237    80.4059 
    IC4                   87.5301   350.1203   350.1203    87.5301 
    NC5                   20.3755    81.5022    81.5022    20.3755 
    IC5                   11.4016    45.6062    45.6062    11.4016 
    C6                     9.2885    37.1541    37.1541     9.2885 
    BENZENE                0.1265     0.5061     0.5061     0.1265 
  COMPONENTS: MOLE FRAC        
    C1                     0.7970     0.7970     0.7970     0.7970 
    C2                     0.1527     0.1527     0.1527     0.1527 
    C3                  3.3682-02  3.3682-02  3.3682-02  3.3682-02 
    NC4                 6.3830-03  6.3830-03  6.3830-03  6.3830-03 
    IC4                 6.9485-03  6.9485-03  6.9485-03  6.9485-03 
    NC5                 1.6175-03  1.6175-03  1.6175-03  1.6175-03 
    IC5                 9.0511-04  9.0511-04  9.0511-04  9.0511-04 
    C6                  7.3736-04  7.3736-04  7.3736-04  7.3736-04 
    BENZENE             1.0044-05  1.0044-05  1.0044-05  1.0044-05 
  COMPONENTS: LB/HR            
    C1                  1.6107+05  6.4426+05  6.4426+05  1.6107+05 
    C2                  5.7847+04  2.3139+05  2.3139+05  5.7847+04 
    C3                  1.8710+04  7.4840+04  7.4840+04  1.8710+04 
    NC4                 4673.4651  1.8694+04  1.8694+04  4673.4651 
    IC4                 5087.5454  2.0350+04  2.0350+04  5087.5454 
    NC5                 1470.1010  5880.4041  5880.4041  1470.1010 
    IC5                  822.6259  3290.5035  3290.5035   822.6259 
    C6                   800.4593  3201.8371  3201.8371   800.4593 
    BENZENE                9.8835    39.5340    39.5340     9.8835 
  COMPONENTS: MASS FRAC        
    C1                     0.6430     0.6430     0.6430     0.6430 
    C2                     0.2309     0.2309     0.2309     0.2309 
    C3                  7.4694-02  7.4694-02  7.4694-02  7.4694-02 
    NC4                 1.8658-02  1.8658-02  1.8658-02  1.8658-02 
    IC4                 2.0311-02  2.0311-02  2.0311-02  2.0311-02 
    NC5                 5.8690-03  5.8690-03  5.8690-03  5.8690-03 
    IC5                 3.2841-03  3.2841-03  3.2841-03  3.2841-03 
    C6                  3.1956-03  3.1956-03  3.1956-03  3.1956-03 
    BENZENE             3.9457-05  3.9457-05  3.9457-05  3.9457-05 
  TOTAL FLOW:      
    LBMOL/HR            1.2597+04  5.0388+04  5.0388+04  1.2597+04 
    LB/HR               2.5049+05  1.0019+06  1.0019+06  2.5049+05 
    CUFT/HR             6.4461+04  2.5785+05  6.5605+05  3.3130+04 
  STATE VARIABLES: 
    TEMP   F              24.5246    24.5246   -50.6362   -58.2623 
    PRES   PSIA          757.6959   757.6959   275.0000   750.6959 
    VFRAC                  1.0000     1.0000     0.9403     0.6622 
    LFRAC                  0.0        0.0     5.9703-02     0.3378 
    SFRAC                  0.0        0.0        0.0        0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.4820+04 -3.4820+04 -3.5413+04 -3.6793+04 
    BTU/LB             -1751.1007 -1751.1007 -1780.9291 -1850.3162 
    BTU/HR             -4.3863+08 -1.7545+09 -1.7844+09 -4.6348+08 
  ENTROPY:         
    BTU/LBMOL-R          -34.0671   -34.0671   -33.8297   -38.5717 
    BTU/LB-R              -1.7132    -1.7132    -1.7013    -1.9398 
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  DENSITY:         
    LBMOL/CUFT             0.1954     0.1954  7.6805-02     0.3802 
    LB/CUFT                3.8858     3.8858     1.5272     7.5608 
  AVG MW                  19.8847    19.8847    19.8847    19.8847 
  
  1                                        
  - 
  
  STREAM ID               1        
  FROM :                  ----     
  TO   :                  E100     
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                  5.1061+04 
    C2                  1.0354+04 
    C3                  2572.3209 
    NC4                  643.0802 
    IC4                  643.0802 
    NC5                  257.2321 
    IC5                  128.6160 
    C6                   257.2321 
    BENZENE                3.2154 
  COMPONENTS: MOLE FRAC        
    C1                     0.7746 
    C2                     0.1571 
    C3                  3.9022-02 
    NC4                 9.7556-03 
    IC4                 9.7556-03 
    NC5                 3.9022-03 
    IC5                 1.9511-03 
    C6                  3.9022-03 
    BENZENE             4.8778-05 
  COMPONENTS: LB/HR            
    C1                  8.1915+05 
    C2                  3.1133+05 
    C3                  1.1343+05 
    NC4                 3.7378+04 
    IC4                 3.7378+04 
    NC5                 1.8559+04 
    IC5                 9279.6836 
    C6                  2.2168+04 
    BENZENE              251.1667 
  COMPONENTS: MASS FRAC        
    C1                     0.5984 
    C2                     0.2274 
    C3                  8.2861-02 
    NC4                 2.7305-02 
    IC4                 2.7305-02 
    NC5                 1.3558-02 
    IC5                 6.7788-03 
    C6                  1.6193-02 
    BENZENE             1.8348-04 
  TOTAL FLOW:      
    LBMOL/HR            6.5919+04 
    LB/HR               1.3689+06 
    CUFT/HR             4.0523+05 
  STATE VARIABLES: 
    TEMP   F              80.0000 
    PRES   PSIA          764.6959 
    VFRAC                  1.0000 
    LFRAC                  0.0    
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.4642+04 
    BTU/LB             -1668.1444 
    BTU/HR             -2.2836+09 
  ENTROPY:         
    BTU/LBMOL-R          -34.0450 
    BTU/LB-R              -1.6394 
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  DENSITY:         
    LBMOL/CUFT             0.1627 
    LB/CUFT                3.3781 
  AVG MW                  20.7668 
  
  2                                        
  - 
  
  STREAM ID               2        
  FROM :                  E100     
  TO   :                  V-100    
  
  SUBSTREAM: MIXED    
  PHASE:                  MIXED   
  COMPONENTS: LBMOL/HR         
    C1                  5.1061+04 
    C2                  1.0354+04 
    C3                  2572.3209 
    NC4                  643.0802 
    IC4                  643.0802 
    NC5                  257.2321 
    IC5                  128.6160 
    C6                   257.2321 
    BENZENE                3.2154 
  COMPONENTS: MOLE FRAC        
    C1                     0.7746 
    C2                     0.1571 
    C3                  3.9022-02 
    NC4                 9.7556-03 
    IC4                 9.7556-03 
    NC5                 3.9022-03 
    IC5                 1.9511-03 
    C6                  3.9022-03 
    BENZENE             4.8778-05 
  COMPONENTS: LB/HR            
    C1                  8.1915+05 
    C2                  3.1133+05 
    C3                  1.1343+05 
    NC4                 3.7378+04 
    IC4                 3.7378+04 
    NC5                 1.8559+04 
    IC5                 9279.6836 
    C6                  2.2168+04 
    BENZENE              251.1667 
  COMPONENTS: MASS FRAC        
    C1                     0.5984 
    C2                     0.2274 
    C3                  8.2861-02 
    NC4                 2.7305-02 
    IC4                 2.7305-02 
    NC5                 1.3558-02 
    IC5                 6.7788-03 
    C6                  1.6193-02 
    BENZENE             1.8348-04 
  TOTAL FLOW:      
    LBMOL/HR            6.5919+04 
    LB/HR               1.3689+06 
    CUFT/HR             3.2606+05 
  STATE VARIABLES: 
    TEMP   F              24.5239 
    PRES   PSIA          757.6959 
    VFRAC                  0.9555 
    LFRAC               4.4519-02 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.5542+04 
    BTU/LB             -1711.4866 
    BTU/HR             -2.3429+09 
  ENTROPY:         
    BTU/LBMOL-R          -35.7975 
    BTU/LB-R              -1.7238 
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  DENSITY:         
    LBMOL/CUFT             0.2022 
    LB/CUFT                4.1984 
  AVG MW                  20.7668 
  
  3                                        
  - 
  
  STREAM ID               3        
  FROM :                  V-100    
  TO   :                  B1       
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                  5.0199+04 
    C2                  9618.8028 
    C3                  2121.4704 
    NC4                  402.0296 
    IC4                  437.6504 
    NC5                  101.8777 
    IC5                   57.0078 
    C6                    46.4427 
    BENZENE                0.6326 
  COMPONENTS: MOLE FRAC        
    C1                     0.7970 
    C2                     0.1527 
    C3                  3.3682-02 
    NC4                 6.3830-03 
    IC4                 6.9485-03 
    NC5                 1.6175-03 
    IC5                 9.0511-04 
    C6                  7.3736-04 
    BENZENE             1.0044-05 
  COMPONENTS: LB/HR            
    C1                  8.0533+05 
    C2                  2.8923+05 
    C3                  9.3549+04 
    NC4                 2.3367+04 
    IC4                 2.5438+04 
    NC5                 7350.5052 
    IC5                 4113.1294 
    C6                  4002.2963 
    BENZENE               49.4175 
  COMPONENTS: MASS FRAC        
    C1                     0.6430 
    C2                     0.2309 
    C3                  7.4694-02 
    NC4                 1.8658-02 
    IC4                 2.0311-02 
    NC5                 5.8690-03 
    IC5                 3.2841-03 
    C6                  3.1956-03 
    BENZENE             3.9457-05 
  TOTAL FLOW:      
    LBMOL/HR            6.2985+04 
    LB/HR               1.2524+06 
    CUFT/HR             3.2231+05 
  STATE VARIABLES: 
    TEMP   F              24.5246 
    PRES   PSIA          757.6959 
    VFRAC                  1.0000 
    LFRAC                  0.0    
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.4820+04 
    BTU/LB             -1751.1007 
    BTU/HR             -2.1931+09 
  ENTROPY:         
    BTU/LBMOL-R          -34.0671 
    BTU/LB-R              -1.7132 
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  DENSITY:         
    LBMOL/CUFT             0.1954 
    LB/CUFT                3.8858 
  AVG MW                  19.8847 
  
  4                                        
  - 
  
  STREAM ID               4        
  FROM :                  V-100    
  TO   :                  JT2      
  
  SUBSTREAM: MIXED    
  PHASE:                  LIQUID  
  COMPONENTS: LBMOL/HR         
    C1                   861.8098 
    C2                   734.7887 
    C3                   450.8504 
    NC4                  241.0507 
    IC4                  205.4299 
    NC5                  155.3544 
    IC5                   71.6082 
    C6                   210.7894 
    BENZENE                2.5828 
  COMPONENTS: MOLE FRAC        
    C1                     0.2937 
    C2                     0.2504 
    C3                     0.1537 
    NC4                 8.2150-02 
    IC4                 7.0011-02 
    NC5                 5.2945-02 
    IC5                 2.4404-02 
    C6                  7.1837-02 
    BENZENE             8.8021-04 
  COMPONENTS: LB/HR            
    C1                  1.3826+04 
    C2                  2.2095+04 
    C3                  1.9881+04 
    NC4                 1.4011+04 
    IC4                 1.1940+04 
    NC5                 1.1209+04 
    IC5                 5166.5541 
    C6                  1.8165+04 
    BENZENE              201.7492 
  COMPONENTS: MASS FRAC        
    C1                     0.1187 
    C2                     0.1897 
    C3                     0.1707 
    NC4                    0.1203 
    IC4                    0.1025 
    NC5                 9.6218-02 
    IC5                 4.4350-02 
    C6                     0.1559 
    BENZENE             1.7318-03 
  TOTAL FLOW:      
    LBMOL/HR            2934.2643 
    LB/HR               1.1649+05 
    CUFT/HR             3757.6009 
  STATE VARIABLES: 
    TEMP   F              24.5246 
    PRES   PSIA          757.6959 
    VFRAC                  0.0    
    LFRAC                  1.0000 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -5.1040+04 
    BTU/LB             -1285.5830 
    BTU/HR             -1.4976+08 
  ENTROPY:         
    BTU/LBMOL-R          -72.9386 
    BTU/LB-R              -1.8372 
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  DENSITY:         
    LBMOL/CUFT             0.7809 
    LB/CUFT               31.0025 
  AVG MW                  39.7016 
  
  5                                        
  - 
  
  STREAM ID               5        
  FROM :                  B4       
  TO   :                  T-100    
  
  SUBSTREAM: MIXED    
  PHASE:                  MIXED   
  COMPONENTS: LBMOL/HR         
    C1                   861.8098 
    C2                   734.7887 
    C3                   450.8504 
    NC4                  241.0507 
    IC4                  205.4299 
    NC5                  155.3544 
    IC5                   71.6082 
    C6                   210.7894 
    BENZENE                2.5828 
  COMPONENTS: MOLE FRAC        
    C1                     0.2937 
    C2                     0.2504 
    C3                     0.1537 
    NC4                 8.2150-02 
    IC4                 7.0011-02 
    NC5                 5.2945-02 
    IC5                 2.4404-02 
    C6                  7.1837-02 
    BENZENE             8.8021-04 
  COMPONENTS: LB/HR            
    C1                  1.3826+04 
    C2                  2.2095+04 
    C3                  1.9881+04 
    NC4                 1.4011+04 
    IC4                 1.1940+04 
    NC5                 1.1209+04 
    IC5                 5166.5541 
    C6                  1.8165+04 
    BENZENE              201.7492 
  COMPONENTS: MASS FRAC        
    C1                     0.1187 
    C2                     0.1897 
    C3                     0.1707 
    NC4                    0.1203 
    IC4                    0.1025 
    NC5                 9.6218-02 
    IC5                 4.4350-02 
    C6                     0.1559 
    BENZENE             1.7318-03 
  TOTAL FLOW:      
    LBMOL/HR            2934.2643 
    LB/HR               1.1649+05 
    CUFT/HR             1.5844+04 
  STATE VARIABLES: 
    TEMP   F              -5.1466 
    PRES   PSIA          275.0000 
    VFRAC                  0.2849 
    LFRAC                  0.7151 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -5.1040+04 
    BTU/LB             -1285.5835 
    BTU/HR             -1.4976+08 
  ENTROPY:         
    BTU/LBMOL-R          -72.4515 
    BTU/LB-R              -1.8249 
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  DENSITY:         
    LBMOL/CUFT             0.1852 
    LB/CUFT                7.3528 
  AVG MW                  39.7016 
  
  5L                                       
  -- 
  
  STREAM ID               5L       
  FROM :                  JT2      
  TO   :                  B4       
  
  SUBSTREAM: MIXED    
  PHASE:                  LIQUID  
  COMPONENTS: LBMOL/HR         
    C1                   243.5037 
    C2                   558.8418 
    C3                   419.4202 
    NC4                  236.9232 
    IC4                  200.5111 
    NC5                  154.6324 
    IC5                   71.1668 
    C6                   210.5781 
    BENZENE                2.5796 
  COMPONENTS: MOLE FRAC        
    C1                     0.1161 
    C2                     0.2663 
    C3                     0.1999 
    NC4                    0.1129 
    IC4                 9.5565-02 
    NC5                 7.3699-02 
    IC5                 3.3919-02 
    C6                     0.1004 
    BENZENE             1.2294-03 
  COMPONENTS: LB/HR            
    C1                  3906.4720 
    C2                  1.6804+04 
    C3                  1.8495+04 
    NC4                 1.3771+04 
    IC4                 1.1654+04 
    NC5                 1.1157+04 
    IC5                 5134.7013 
    C6                  1.8147+04 
    BENZENE              201.4983 
  COMPONENTS: MASS FRAC        
    C1                  3.9352-02 
    C2                     0.1693 
    C3                     0.1863 
    NC4                    0.1387 
    IC4                    0.1174 
    NC5                    0.1124 
    IC5                 5.1724-02 
    C6                     0.1828 
    BENZENE             2.0298-03 
  TOTAL FLOW:      
    LBMOL/HR            2098.1570 
    LB/HR               9.9271+04 
    CUFT/HR             2799.1207 
  STATE VARIABLES: 
    TEMP   F              -5.1471 
    PRES   PSIA          275.0000 
    VFRAC                  0.0    
    LFRAC                  1.0000 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -5.7515+04 
    BTU/LB             -1215.6126 
    BTU/HR             -1.2067+08 
  ENTROPY:         
    BTU/LBMOL-R          -88.1881 
    BTU/LB-R              -1.8639 
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  DENSITY:         
    LBMOL/CUFT             0.7496 
    LB/CUFT               35.4650 
  AVG MW                  47.3133 
  
  5V                                       
  -- 
  
  STREAM ID               5V       
  FROM :                  JT2      
  TO   :                  B4       
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                   618.3061 
    C2                   175.9470 
    C3                    31.4302 
    NC4                    4.1274 
    IC4                    4.9187 
    NC5                    0.7219 
    IC5                    0.4415 
    C6                     0.2113 
    BENZENE             3.2119-03 
  COMPONENTS: MOLE FRAC        
    C1                     0.7395 
    C2                     0.2104 
    C3                  3.7591-02 
    NC4                 4.9365-03 
    IC4                 5.8829-03 
    NC5                 8.6346-04 
    IC5                 5.2802-04 
    C6                  2.5273-04 
    BENZENE             3.8415-06 
  COMPONENTS: LB/HR            
    C1                  9919.3356 
    C2                  5290.6626 
    C3                  1385.9616 
    NC4                  239.9002 
    IC4                  285.8930 
    NC5                   52.0888 
    IC5                   31.8528 
    C6                    18.2103 
    BENZENE                0.2509 
  COMPONENTS: MASS FRAC        
    C1                     0.5759 
    C2                     0.3072 
    C3                  8.0466-02 
    NC4                 1.3928-02 
    IC4                 1.6598-02 
    NC5                 3.0242-03 
    IC5                 1.8493-03 
    C6                  1.0573-03 
    BENZENE             1.4566-05 
  TOTAL FLOW:      
    LBMOL/HR             836.1073 
    LB/HR               1.7224+04 
    CUFT/HR             1.3044+04 
  STATE VARIABLES: 
    TEMP   F              -5.1471 
    PRES   PSIA          275.0000 
    VFRAC                  1.0000 
    LFRAC                  0.0    
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.4791+04 
    BTU/LB             -1688.8578 
    BTU/HR             -2.9089+07 
  ENTROPY:         
    BTU/LBMOL-R          -32.9616 
    BTU/LB-R              -1.6000 
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  DENSITY:         
    LBMOL/CUFT          6.4097-02 
    LB/CUFT                1.3204 
  AVG MW                  20.6004 
  
  6                                        
  - 
  
  STREAM ID               6        
  FROM :                  B1       
  TO   :                  E101     
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                  1.0040+04 
    C2                  1923.7606 
    C3                   424.2941 
    NC4                   80.4059 
    IC4                   87.5301 
    NC5                   20.3755 
    IC5                   11.4016 
    C6                     9.2885 
    BENZENE                0.1265 
  COMPONENTS: MOLE FRAC        
    C1                     0.7970 
    C2                     0.1527 
    C3                  3.3682-02 
    NC4                 6.3830-03 
    IC4                 6.9485-03 
    NC5                 1.6175-03 
    IC5                 9.0511-04 
    C6                  7.3736-04 
    BENZENE             1.0044-05 
  COMPONENTS: LB/HR            
    C1                  1.6107+05 
    C2                  5.7847+04 
    C3                  1.8710+04 
    NC4                 4673.4651 
    IC4                 5087.5454 
    NC5                 1470.1010 
    IC5                  822.6259 
    C6                   800.4593 
    BENZENE                9.8835 
  COMPONENTS: MASS FRAC        
    C1                     0.6430 
    C2                     0.2309 
    C3                  7.4694-02 
    NC4                 1.8658-02 
    IC4                 2.0311-02 
    NC5                 5.8690-03 
    IC5                 3.2841-03 
    C6                  3.1956-03 
    BENZENE             3.9457-05 
  TOTAL FLOW:      
    LBMOL/HR            1.2597+04 
    LB/HR               2.5049+05 
    CUFT/HR             6.4461+04 
  STATE VARIABLES: 
    TEMP   F              24.5246 
    PRES   PSIA          757.6959 
    VFRAC                  1.0000 
    LFRAC                  0.0    
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.4820+04 
    BTU/LB             -1751.1007 
    BTU/HR             -4.3863+08 
  ENTROPY:         
    BTU/LBMOL-R          -34.0671 
    BTU/LB-R              -1.7132 
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  DENSITY:         
    LBMOL/CUFT             0.1954 
    LB/CUFT                3.8858 
  AVG MW                  19.8847 
  
  7                                        
  - 
  
  STREAM ID               7        
  FROM :                  B1       
  TO   :                  EXP      
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                  4.0159+04 
    C2                  7695.0422 
    C3                  1697.1764 
    NC4                  321.6237 
    IC4                  350.1203 
    NC5                   81.5022 
    IC5                   45.6062 
    C6                    37.1541 
    BENZENE                0.5061 
  COMPONENTS: MOLE FRAC        
    C1                     0.7970 
    C2                     0.1527 
    C3                  3.3682-02 
    NC4                 6.3830-03 
    IC4                 6.9485-03 
    NC5                 1.6175-03 
    IC5                 9.0511-04 
    C6                  7.3736-04 
    BENZENE             1.0044-05 
  COMPONENTS: LB/HR            
    C1                  6.4426+05 
    C2                  2.3139+05 
    C3                  7.4840+04 
    NC4                 1.8694+04 
    IC4                 2.0350+04 
    NC5                 5880.4041 
    IC5                 3290.5035 
    C6                  3201.8371 
    BENZENE               39.5340 
  COMPONENTS: MASS FRAC        
    C1                     0.6430 
    C2                     0.2309 
    C3                  7.4694-02 
    NC4                 1.8658-02 
    IC4                 2.0311-02 
    NC5                 5.8690-03 
    IC5                 3.2841-03 
    C6                  3.1956-03 
    BENZENE             3.9457-05 
  TOTAL FLOW:      
    LBMOL/HR            5.0388+04 
    LB/HR               1.0019+06 
    CUFT/HR             2.5785+05 
  STATE VARIABLES: 
    TEMP   F              24.5246 
    PRES   PSIA          757.6959 
    VFRAC                  1.0000 
    LFRAC                  0.0    
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.4820+04 
    BTU/LB             -1751.1007 
    BTU/HR             -1.7545+09 
  ENTROPY:         
    BTU/LBMOL-R          -34.0671 
    BTU/LB-R              -1.7132 
 107 
  DENSITY:         
    LBMOL/CUFT             0.1954 
    LB/CUFT                3.8858 
  AVG MW                  19.8847 
  
  8                                        
  - 
  
  STREAM ID               8        
  FROM :                  EXP      
  TO   :                  T-100    
  
  SUBSTREAM: MIXED    
  PHASE:                  MIXED   
  COMPONENTS: LBMOL/HR         
    C1                  4.0159+04 
    C2                  7695.0422 
    C3                  1697.1764 
    NC4                  321.6237 
    IC4                  350.1203 
    NC5                   81.5022 
    IC5                   45.6062 
    C6                    37.1541 
    BENZENE                0.5061 
  COMPONENTS: MOLE FRAC        
    C1                     0.7970 
    C2                     0.1527 
    C3                  3.3682-02 
    NC4                 6.3830-03 
    IC4                 6.9485-03 
    NC5                 1.6175-03 
    IC5                 9.0511-04 
    C6                  7.3736-04 
    BENZENE             1.0044-05 
  COMPONENTS: LB/HR            
    C1                  6.4426+05 
    C2                  2.3139+05 
    C3                  7.4840+04 
    NC4                 1.8694+04 
    IC4                 2.0350+04 
    NC5                 5880.4041 
    IC5                 3290.5035 
    C6                  3201.8371 
    BENZENE               39.5340 
  COMPONENTS: MASS FRAC        
    C1                     0.6430 
    C2                     0.2309 
    C3                  7.4694-02 
    NC4                 1.8658-02 
    IC4                 2.0311-02 
    NC5                 5.8690-03 
    IC5                 3.2841-03 
    C6                  3.1956-03 
    BENZENE             3.9457-05 
  TOTAL FLOW:      
    LBMOL/HR            5.0388+04 
    LB/HR               1.0019+06 
    CUFT/HR             6.5605+05 
  STATE VARIABLES: 
    TEMP   F             -50.6362 
    PRES   PSIA          275.0000 
    VFRAC                  0.9403 
    LFRAC               5.9703-02 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.5413+04 
    BTU/LB             -1780.9291 
    BTU/HR             -1.7844+09 
  ENTROPY:         
    BTU/LBMOL-R          -33.8297 
    BTU/LB-R              -1.7013 
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  DENSITY:         
    LBMOL/CUFT          7.6805-02 
    LB/CUFT                1.5272 
  AVG MW                  19.8847 
  
  9                                        
  - 
  
  STREAM ID               9        
  FROM :                  E101     
  TO   :                  JT1      
  
  SUBSTREAM: MIXED    
  PHASE:                  MIXED   
  COMPONENTS: LBMOL/HR         
    C1                  1.0040+04 
    C2                  1923.7606 
    C3                   424.2941 
    NC4                   80.4059 
    IC4                   87.5301 
    NC5                   20.3755 
    IC5                   11.4016 
    C6                     9.2885 
    BENZENE                0.1265 
  COMPONENTS: MOLE FRAC        
    C1                     0.7970 
    C2                     0.1527 
    C3                  3.3682-02 
    NC4                 6.3830-03 
    IC4                 6.9485-03 
    NC5                 1.6175-03 
    IC5                 9.0511-04 
    C6                  7.3736-04 
    BENZENE             1.0044-05 
  COMPONENTS: LB/HR            
    C1                  1.6107+05 
    C2                  5.7847+04 
    C3                  1.8710+04 
    NC4                 4673.4651 
    IC4                 5087.5454 
    NC5                 1470.1010 
    IC5                  822.6259 
    C6                   800.4593 
    BENZENE                9.8835 
  COMPONENTS: MASS FRAC        
    C1                     0.6430 
    C2                     0.2309 
    C3                  7.4694-02 
    NC4                 1.8658-02 
    IC4                 2.0311-02 
    NC5                 5.8690-03 
    IC5                 3.2841-03 
    C6                  3.1956-03 
    BENZENE             3.9457-05 
  TOTAL FLOW:      
    LBMOL/HR            1.2597+04 
    LB/HR               2.5049+05 
    CUFT/HR             3.3130+04 
  STATE VARIABLES: 
    TEMP   F             -58.2623 
    PRES   PSIA          750.6959 
    VFRAC                  0.6622 
    LFRAC                  0.3378 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.6793+04 
    BTU/LB             -1850.3162 
    BTU/HR             -4.6348+08 
  ENTROPY:         
    BTU/LBMOL-R          -38.5717 
    BTU/LB-R              -1.9398 
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  DENSITY:         
    LBMOL/CUFT             0.3802 
    LB/CUFT                7.5608 
  AVG MW                  19.8847 
  
  10                                       
  -- 
  
  STREAM ID               10       
  FROM :                  B3       
  TO   :                  T-100    
  
  SUBSTREAM: MIXED    
  PHASE:                  MIXED   
  COMPONENTS: LBMOL/HR         
    C1                  1.0040+04 
    C2                  1923.7606 
    C3                   424.2941 
    NC4                   80.4059 
    IC4                   87.5301 
    NC5                   20.3755 
    IC5                   11.4016 
    C6                     9.2885 
    BENZENE                0.1265 
  COMPONENTS: MOLE FRAC        
    C1                     0.7970 
    C2                     0.1527 
    C3                  3.3682-02 
    NC4                 6.3830-03 
    IC4                 6.9485-03 
    NC5                 1.6175-03 
    IC5                 9.0511-04 
    C6                  7.3736-04 
    BENZENE             1.0044-05 
  COMPONENTS: LB/HR            
    C1                  1.6107+05 
    C2                  5.7847+04 
    C3                  1.8710+04 
    NC4                 4673.4651 
    IC4                 5087.5454 
    NC5                 1470.1010 
    IC5                  822.6259 
    C6                   800.4593 
    BENZENE                9.8835 
  COMPONENTS: MASS FRAC        
    C1                     0.6430 
    C2                     0.2309 
    C3                  7.4694-02 
    NC4                 1.8658-02 
    IC4                 2.0311-02 
    NC5                 5.8690-03 
    IC5                 3.2841-03 
    C6                  3.1956-03 
    BENZENE             3.9457-05 
  TOTAL FLOW:      
    LBMOL/HR            1.2597+04 
    LB/HR               2.5049+05 
    CUFT/HR             1.1120+05 
  STATE VARIABLES: 
    TEMP   F            -106.4705 
    PRES   PSIA          275.0000 
    VFRAC                  0.7599 
    LFRAC                  0.2401 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.6793+04 
    BTU/LB             -1850.3157 
    BTU/HR             -4.6348+08 
  ENTROPY:         
    BTU/LBMOL-R          -37.4689 
    BTU/LB-R              -1.8843 
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  DENSITY:         
    LBMOL/CUFT             0.1133 
    LB/CUFT                2.2525 
  AVG MW                  19.8847 
  
  10L                                      
  --- 
  
  STREAM ID               10L      
  FROM :                  JT1      
  TO   :                  B3       
  
  SUBSTREAM: MIXED    
  PHASE:                  LIQUID  
  COMPONENTS: LBMOL/HR         
    C1                  1118.8282 
    C2                  1299.6490 
    C3                   398.3469 
    NC4                   79.6654 
    IC4                   86.2897 
    NC5                   20.3451 
    IC5                   11.3783 
    C6                     9.2869 
    BENZENE                0.1265 
  COMPONENTS: MOLE FRAC        
    C1                     0.3700 
    C2                     0.4298 
    C3                     0.1317 
    NC4                 2.6345-02 
    IC4                 2.8536-02 
    NC5                 6.7281-03 
    IC5                 3.7628-03 
    C6                  3.0712-03 
    BENZENE             4.1828-05 
  COMPONENTS: LB/HR            
    C1                  1.7949+04 
    C2                  3.9080+04 
    C3                  1.7566+04 
    NC4                 4630.4258 
    IC4                 5015.4502 
    NC5                 1467.9059 
    IC5                  820.9458 
    C6                   800.3195 
    BENZENE                9.8801 
  COMPONENTS: MASS FRAC        
    C1                     0.2055 
    C2                     0.4474 
    C3                     0.2011 
    NC4                 5.3016-02 
    IC4                 5.7425-02 
    NC5                 1.6807-02 
    IC5                 9.3995-03 
    C6                  9.1633-03 
    BENZENE             1.1312-04 
  TOTAL FLOW:      
    LBMOL/HR            3023.9159 
    LB/HR               8.7340+04 
    CUFT/HR             2791.4927 
  STATE VARIABLES: 
    TEMP   F            -106.4708 
    PRES   PSIA          275.0000 
    VFRAC                  0.0    
    LFRAC                  1.0000 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -4.4894+04 
    BTU/LB             -1554.3240 
    BTU/HR             -1.3575+08 
  ENTROPY:         
    BTU/LBMOL-R          -60.1372 
    BTU/LB-R              -2.0821 
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  DENSITY:         
    LBMOL/CUFT             1.0833 
    LB/CUFT               31.2878 
  AVG MW                  28.8830 
  
  10V                                      
  --- 
  
  STREAM ID               10V      
  FROM :                  JT1      
  TO   :                  B3       
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                  8920.9238 
    C2                   624.1116 
    C3                    25.9472 
    NC4                    0.7405 
    IC4                    1.2404 
    NC5                 3.0424-02 
    IC5                 2.3286-02 
    C6                  1.6221-03 
    BENZENE             4.3968-05 
  COMPONENTS: MOLE FRAC        
    C1                     0.9319 
    C2                  6.5195-02 
    C3                  2.7104-03 
    NC4                 7.7351-05 
    IC4                 1.2957-04 
    NC5                 3.1781-06 
    IC5                 2.4324-06 
    C6                  1.6944-07 
    BENZENE             4.5929-09 
  COMPONENTS: LB/HR            
    C1                  1.4312+05 
    C2                  1.8767+04 
    C3                  1144.1794 
    NC4                   43.0393 
    IC4                   72.0952 
    NC5                    2.1951 
    IC5                    1.6801 
    C6                     0.1398 
    BENZENE             3.4345-03 
  COMPONENTS: MASS FRAC        
    C1                     0.8772 
    C2                     0.1150 
    C3                  7.0132-03 
    NC4                 2.6381-04 
    IC4                 4.4190-04 
    NC5                 1.3455-05 
    IC5                 1.0298-05 
    C6                  8.5680-07 
    BENZENE             2.1052-08 
  TOTAL FLOW:      
    LBMOL/HR            9573.0188 
    LB/HR               1.6315+05 
    CUFT/HR             1.0841+05 
  STATE VARIABLES: 
    TEMP   F            -106.4708 
    PRES   PSIA          275.0000 
    VFRAC                  1.0000 
    LFRAC                  0.0    
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.4234+04 
    BTU/LB             -2008.7736 
    BTU/HR             -3.2772+08 
  ENTROPY:         
    BTU/LBMOL-R          -30.3085 
    BTU/LB-R              -1.7784 
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  DENSITY:         
    LBMOL/CUFT          8.8302-02 
    LB/CUFT                1.5049 
  AVG MW                  17.0423 
  
  11                                       
  -- 
  
  STREAM ID               11       
  FROM :                  T-100    
  TO   :                  E101     
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                  5.1061+04 
    C2                  9078.0339 
    C3                   924.4308 
    NC4                   27.1073 
    IC4                   45.7532 
    NC5                    1.2511 
    IC5                    0.9378 
    C6                  7.9440-02 
    BENZENE             1.8578-03 
  COMPONENTS: MOLE FRAC        
    C1                     0.8352 
    C2                     0.1485 
    C3                  1.5120-02 
    NC4                 4.4338-04 
    IC4                 7.4836-04 
    NC5                 2.0464-05 
    IC5                 1.5338-05 
    C6                  1.2994-06 
    BENZENE             3.0387-08 
  COMPONENTS: LB/HR            
    C1                  8.1915+05 
    C2                  2.7297+05 
    C3                  4.0764+04 
    NC4                 1575.5682 
    IC4                 2659.3310 
    NC5                   90.2706 
    IC5                   67.6595 
    C6                     6.8459 
    BENZENE                0.1451 
  COMPONENTS: MASS FRAC        
    C1                     0.7203 
    C2                     0.2400 
    C3                  3.5843-02 
    NC4                 1.3854-03 
    IC4                 2.3383-03 
    NC5                 7.9373-05 
    IC5                 5.9492-05 
    C6                  6.0195-06 
    BENZENE             1.2760-07 
  TOTAL FLOW:      
    LBMOL/HR            6.1138+04 
    LB/HR               1.1373+06 
    CUFT/HR             8.0401+05 
  STATE VARIABLES: 
    TEMP   F             -63.2894 
    PRES   PSIA          275.0000 
    VFRAC                  1.0000 
    LFRAC                  0.0    
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.4441+04 
    BTU/LB             -1851.4851 
    BTU/HR             -2.1057+09 
  ENTROPY:         
    BTU/LBMOL-R          -31.3953 
    BTU/LB-R              -1.6877 
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  DENSITY:         
    LBMOL/CUFT          7.6041-02 
    LB/CUFT                1.4145 
  AVG MW                  18.6020 
  
  12                                       
  -- 
  
  STREAM ID               12       
  FROM :                  E101     
  TO   :                  E100     
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                  5.1061+04 
    C2                  9078.0339 
    C3                   924.4308 
    NC4                   27.1073 
    IC4                   45.7532 
    NC5                    1.2511 
    IC5                    0.9378 
    C6                  7.9440-02 
    BENZENE             1.8578-03 
  COMPONENTS: MOLE FRAC        
    C1                     0.8352 
    C2                     0.1485 
    C3                  1.5120-02 
    NC4                 4.4338-04 
    IC4                 7.4836-04 
    NC5                 2.0464-05 
    IC5                 1.5338-05 
    C6                  1.2994-06 
    BENZENE             3.0387-08 
  COMPONENTS: LB/HR            
    C1                  8.1915+05 
    C2                  2.7297+05 
    C3                  4.0764+04 
    NC4                 1575.5682 
    IC4                 2659.3310 
    NC5                   90.2706 
    IC5                   67.6595 
    C6                     6.8459 
    BENZENE                0.1451 
  COMPONENTS: MASS FRAC        
    C1                     0.7203 
    C2                     0.2400 
    C3                  3.5843-02 
    NC4                 1.3854-03 
    IC4                 2.3383-03 
    NC5                 7.9373-05 
    IC5                 5.9492-05 
    C6                  6.0195-06 
    BENZENE             1.2760-07 
  TOTAL FLOW:      
    LBMOL/HR            6.1138+04 
    LB/HR               1.1373+06 
    CUFT/HR             9.5278+05 
  STATE VARIABLES: 
    TEMP   F             -23.5109 
    PRES   PSIA          268.0000 
    VFRAC                  1.0000 
    LFRAC                  0.0    
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.4035+04 
    BTU/LB             -1829.6331 
    BTU/HR             -2.0808+09 
  ENTROPY:         
    BTU/LBMOL-R          -30.3730 
    BTU/LB-R              -1.6328 
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  DENSITY:         
    LBMOL/CUFT          6.4168-02 
    LB/CUFT                1.1937 
  AVG MW                  18.6020 
  
  13                                       
  -- 
  
  STREAM ID               13       
  FROM :                  E100     
  TO   :                  C-100    
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                  5.1061+04 
    C2                  9078.0339 
    C3                   924.4308 
    NC4                   27.1073 
    IC4                   45.7532 
    NC5                    1.2511 
    IC5                    0.9378 
    C6                  7.9440-02 
    BENZENE             1.8578-03 
  COMPONENTS: MOLE FRAC        
    C1                     0.8352 
    C2                     0.1485 
    C3                  1.5120-02 
    NC4                 4.4338-04 
    IC4                 7.4836-04 
    NC5                 2.0464-05 
    IC5                 1.5338-05 
    C6                  1.2994-06 
    BENZENE             3.0387-08 
  COMPONENTS: LB/HR            
    C1                  8.1915+05 
    C2                  2.7297+05 
    C3                  4.0764+04 
    NC4                 1575.5682 
    IC4                 2659.3310 
    NC5                   90.2706 
    IC5                   67.6595 
    C6                     6.8459 
    BENZENE                0.1451 
  COMPONENTS: MASS FRAC        
    C1                     0.7203 
    C2                     0.2400 
    C3                  3.5843-02 
    NC4                 1.3854-03 
    IC4                 2.3383-03 
    NC5                 7.9373-05 
    IC5                 5.9492-05 
    C6                  6.0195-06 
    BENZENE             1.2760-07 
  TOTAL FLOW:      
    LBMOL/HR            6.1138+04 
    LB/HR               1.1373+06 
    CUFT/HR             1.2704+06 
  STATE VARIABLES: 
    TEMP   F              74.9739 
    PRES   PSIA          261.0000 
    VFRAC                  1.0000 
    LFRAC                  0.0    
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.3064+04 
    BTU/LB             -1777.4632 
    BTU/HR             -2.0215+09 
  ENTROPY:         
    BTU/LBMOL-R          -28.3183 
    BTU/LB-R              -1.5223 
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  DENSITY:         
    LBMOL/CUFT          4.8125-02 
    LB/CUFT                0.8952 
  AVG MW                  18.6020 
  
  14                                       
  -- 
  
  STREAM ID               14       
  FROM :                  C-100    
  TO   :                  E-102    
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                  5.1061+04 
    C2                  9078.0339 
    C3                   924.4308 
    NC4                   27.1073 
    IC4                   45.7532 
    NC5                    1.2511 
    IC5                    0.9378 
    C6                  7.9440-02 
    BENZENE             1.8578-03 
  COMPONENTS: MOLE FRAC        
    C1                     0.8352 
    C2                     0.1485 
    C3                  1.5120-02 
    NC4                 4.4338-04 
    IC4                 7.4836-04 
    NC5                 2.0464-05 
    IC5                 1.5338-05 
    C6                  1.2994-06 
    BENZENE             3.0387-08 
  COMPONENTS: LB/HR            
    C1                  8.1915+05 
    C2                  2.7297+05 
    C3                  4.0764+04 
    NC4                 1575.5682 
    IC4                 2659.3310 
    NC5                   90.2706 
    IC5                   67.6595 
    C6                     6.8459 
    BENZENE                0.1451 
  COMPONENTS: MASS FRAC        
    C1                     0.7203 
    C2                     0.2400 
    C3                  3.5843-02 
    NC4                 1.3854-03 
    IC4                 2.3383-03 
    NC5                 7.9373-05 
    IC5                 5.9492-05 
    C6                  6.0195-06 
    BENZENE             1.2760-07 
  TOTAL FLOW:      
    LBMOL/HR            6.1138+04 
    LB/HR               1.1373+06 
    CUFT/HR             9.3852+05 
  STATE VARIABLES: 
    TEMP   F             131.7130 
    PRES   PSIA          389.7500 
    VFRAC                  1.0000 
    LFRAC                  0.0    
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.2576+04 
    BTU/LB             -1751.2110 
    BTU/HR             -1.9916+09 
  ENTROPY:         
    BTU/LBMOL-R          -28.2020 
    BTU/LB-R              -1.5161 
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  DENSITY:         
    LBMOL/CUFT          6.5143-02 
    LB/CUFT                1.2118 
  AVG MW                  18.6020 
  
  15                                       
  -- 
  
  STREAM ID               15       
  FROM :                  E-102    
  TO   :                  C-101    
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                  5.1061+04 
    C2                  9078.0339 
    C3                   924.4308 
    NC4                   27.1073 
    IC4                   45.7532 
    NC5                    1.2511 
    IC5                    0.9378 
    C6                  7.9440-02 
    BENZENE             1.8578-03 
  COMPONENTS: MOLE FRAC        
    C1                     0.8352 
    C2                     0.1485 
    C3                  1.5120-02 
    NC4                 4.4338-04 
    IC4                 7.4836-04 
    NC5                 2.0464-05 
    IC5                 1.5338-05 
    C6                  1.2994-06 
    BENZENE             3.0387-08 
  COMPONENTS: LB/HR            
    C1                  8.1915+05 
    C2                  2.7297+05 
    C3                  4.0764+04 
    NC4                 1575.5682 
    IC4                 2659.3310 
    NC5                   90.2706 
    IC5                   67.6595 
    C6                     6.8459 
    BENZENE                0.1451 
  COMPONENTS: MASS FRAC        
    C1                     0.7203 
    C2                     0.2400 
    C3                  3.5843-02 
    NC4                 1.3854-03 
    IC4                 2.3383-03 
    NC5                 7.9373-05 
    IC5                 5.9492-05 
    C6                  6.0195-06 
    BENZENE             1.2760-07 
  TOTAL FLOW:      
    LBMOL/HR            6.1138+04 
    LB/HR               1.1373+06 
    CUFT/HR             8.8900+05 
  STATE VARIABLES: 
    TEMP   F             100.0000 
    PRES   PSIA          384.7500 
    VFRAC                  1.0000 
    LFRAC                  0.0    
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.2900+04 
    BTU/LB             -1768.6231 
    BTU/HR             -2.0114+09 
  ENTROPY:         
    BTU/LBMOL-R          -28.7409 
    BTU/LB-R              -1.5450 
 117 
  DENSITY:         
    LBMOL/CUFT          6.8772-02 
    LB/CUFT                1.2793 
  AVG MW                  18.6020 
  
  16                                       
  -- 
  
  STREAM ID               16       
  FROM :                  C-101    
  TO   :                  E-103    
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                  5.1061+04 
    C2                  9078.0339 
    C3                   924.4308 
    NC4                   27.1073 
    IC4                   45.7532 
    NC5                    1.2511 
    IC5                    0.9378 
    C6                  7.9440-02 
    BENZENE             1.8578-03 
  COMPONENTS: MOLE FRAC        
    C1                     0.8352 
    C2                     0.1485 
    C3                  1.5120-02 
    NC4                 4.4338-04 
    IC4                 7.4836-04 
    NC5                 2.0464-05 
    IC5                 1.5338-05 
    C6                  1.2994-06 
    BENZENE             3.0387-08 
  COMPONENTS: LB/HR            
    C1                  8.1915+05 
    C2                  2.7297+05 
    C3                  4.0764+04 
    NC4                 1575.5682 
    IC4                 2659.3310 
    NC5                   90.2706 
    IC5                   67.6595 
    C6                     6.8459 
    BENZENE                0.1451 
  COMPONENTS: MASS FRAC        
    C1                     0.7203 
    C2                     0.2400 
    C3                  3.5843-02 
    NC4                 1.3854-03 
    IC4                 2.3383-03 
    NC5                 7.9373-05 
    IC5                 5.9492-05 
    C6                  6.0195-06 
    BENZENE             1.2760-07 
  TOTAL FLOW:      
    LBMOL/HR            6.1138+04 
    LB/HR               1.1373+06 
    CUFT/HR             3.9623+05 
  STATE VARIABLES: 
    TEMP   F             262.3714 
    PRES   PSIA         1119.6959 
    VFRAC                  1.0000 
    LFRAC                  0.0    
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.1456+04 
    BTU/LB             -1691.0108 
    BTU/HR             -1.9232+09 
  ENTROPY:         
    BTU/LBMOL-R          -28.4577 
    BTU/LB-R              -1.5298 
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  DENSITY:         
    LBMOL/CUFT             0.1543 
    LB/CUFT                2.8703 
  AVG MW                  18.6020 
  
  17                                       
  -- 
  
  STREAM ID               17       
  FROM :                  E-103    
  TO   :                  ----     
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                  5.1061+04 
    C2                  9078.0339 
    C3                   924.4308 
    NC4                   27.1073 
    IC4                   45.7532 
    NC5                    1.2511 
    IC5                    0.9378 
    C6                  7.9440-02 
    BENZENE             1.8578-03 
  COMPONENTS: MOLE FRAC        
    C1                     0.8352 
    C2                     0.1485 
    C3                  1.5120-02 
    NC4                 4.4338-04 
    IC4                 7.4836-04 
    NC5                 2.0464-05 
    IC5                 1.5338-05 
    C6                  1.2994-06 
    BENZENE             3.0387-08 
  COMPONENTS: LB/HR            
    C1                  8.1915+05 
    C2                  2.7297+05 
    C3                  4.0764+04 
    NC4                 1575.5682 
    IC4                 2659.3310 
    NC5                   90.2706 
    IC5                   67.6595 
    C6                     6.8459 
    BENZENE                0.1451 
  COMPONENTS: MASS FRAC        
    C1                     0.7203 
    C2                     0.2400 
    C3                  3.5843-02 
    NC4                 1.3854-03 
    IC4                 2.3383-03 
    NC5                 7.9373-05 
    IC5                 5.9492-05 
    C6                  6.0195-06 
    BENZENE             1.2760-07 
  TOTAL FLOW:      
    LBMOL/HR            6.1138+04 
    LB/HR               1.1373+06 
    CUFT/HR             2.7086+05 
  STATE VARIABLES: 
    TEMP   F             100.0000 
    PRES   PSIA         1114.6959 
    VFRAC                  1.0000 
    LFRAC                  0.0    
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.3398+04 
    BTU/LB             -1795.3893 
    BTU/HR             -2.0419+09 
  ENTROPY:         
    BTU/LBMOL-R          -31.4970 
    BTU/LB-R              -1.6932 
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  DENSITY:         
    LBMOL/CUFT             0.2257 
    LB/CUFT                4.1987 
  AVG MW                  18.6020 
  
  18                                       
  -- 
  
  STREAM ID               18       
  FROM :                  T-100    
  TO   :                  P-100    
  
  SUBSTREAM: MIXED    
  PHASE:                  LIQUID  
  COMPONENTS: LBMOL/HR         
    C1                  4.9798-02 
    C2                  1275.3518 
    C3                  1647.8940 
    NC4                  615.9735 
    IC4                  597.3273 
    NC5                  255.9831 
    IC5                  127.6790 
    C6                   257.1537 
    BENZENE                3.2136 
  COMPONENTS: MOLE FRAC        
    C1                  1.0417-05 
    C2                     0.2668 
    C3                     0.3447 
    NC4                    0.1288 
    IC4                    0.1249 
    NC5                 5.3546-02 
    IC5                 2.6708-02 
    C6                  5.3791-02 
    BENZENE             6.7220-04 
  COMPONENTS: LB/HR            
    C1                     0.7989 
    C2                  3.8349+04 
    C3                  7.2666+04 
    NC4                 3.5802+04 
    IC4                 3.4719+04 
    NC5                 1.8469+04 
    IC5                 9212.0727 
    C6                  2.2161+04 
    BENZENE              251.0223 
  COMPONENTS: MASS FRAC        
    C1                  3.4490-06 
    C2                     0.1656 
    C3                     0.3137 
    NC4                    0.1546 
    IC4                    0.1499 
    NC5                 7.9736-02 
    IC5                 3.9770-02 
    C6                  9.5673-02 
    BENZENE             1.0837-03 
  TOTAL FLOW:      
    LBMOL/HR            4780.6256 
    LB/HR               2.3163+05 
    CUFT/HR             7548.6957 
  STATE VARIABLES: 
    TEMP   F             113.7026 
    PRES   PSIA          276.6500 
    VFRAC                  0.0    
    LFRAC                  1.0000 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -5.4693+04 
    BTU/LB             -1128.8168 
    BTU/HR             -2.6147+08 
  ENTROPY:         
    BTU/LBMOL-R          -84.2140 
    BTU/LB-R              -1.7381 
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  DENSITY:         
    LBMOL/CUFT             0.6333 
    LB/CUFT               30.6849 
  AVG MW                  48.4520 
  
  19                                       
  -- 
  
  STREAM ID               19       
  FROM :                  P-100    
  TO   :                  T-101    
  
  SUBSTREAM: MIXED    
  PHASE:                  LIQUID  
  COMPONENTS: LBMOL/HR         
    C1                  4.9798-02 
    C2                  1275.3518 
    C3                  1647.8940 
    NC4                  615.9735 
    IC4                  597.3273 
    NC5                  255.9831 
    IC5                  127.6790 
    C6                   257.1537 
    BENZENE                3.2136 
  COMPONENTS: MOLE FRAC        
    C1                  1.0417-05 
    C2                     0.2668 
    C3                     0.3447 
    NC4                    0.1288 
    IC4                    0.1249 
    NC5                 5.3546-02 
    IC5                 2.6708-02 
    C6                  5.3791-02 
    BENZENE             6.7220-04 
  COMPONENTS: LB/HR            
    C1                     0.7989 
    C2                  3.8349+04 
    C3                  7.2666+04 
    NC4                 3.5802+04 
    IC4                 3.4719+04 
    NC5                 1.8469+04 
    IC5                 9212.0727 
    C6                  2.2161+04 
    BENZENE              251.0223 
  COMPONENTS: MASS FRAC        
    C1                  3.4490-06 
    C2                     0.1656 
    C3                     0.3137 
    NC4                    0.1546 
    IC4                    0.1499 
    NC5                 7.9736-02 
    IC5                 3.9770-02 
    C6                  9.5673-02 
    BENZENE             1.0837-03 
  TOTAL FLOW:      
    LBMOL/HR            4780.6256 
    LB/HR               2.3163+05 
    CUFT/HR             7602.7518 
  STATE VARIABLES: 
    TEMP   F             117.7660 
    PRES   PSIA          550.0000 
    VFRAC                  0.0    
    LFRAC                  1.0000 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -5.4589+04 
    BTU/LB             -1126.6647 
    BTU/HR             -2.6097+08 
  ENTROPY:         
    BTU/LBMOL-R          -84.1681 
    BTU/LB-R              -1.7371 
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  DENSITY:         
    LBMOL/CUFT             0.6288 
    LB/CUFT               30.4667 
  AVG MW                  48.4520 
  
  20                                       
  -- 
  
  STREAM ID               20       
  FROM :                  T-101    
  TO   :                  ----     
  
  SUBSTREAM: MIXED    
  PHASE:                  VAPOR   
  COMPONENTS: LBMOL/HR         
    C1                  4.9798-02 
    C2                  1267.5295 
    C3                    12.4150 
    NC4                 1.2519-03 
    IC4                 4.5096-03 
    NC5                 3.3112-07 
    IC5                 5.3362-07 
    C6                  3.1871-11 
    BENZENE             1.0395-11 
  COMPONENTS: MOLE FRAC        
    C1                  3.8905-05 
    C2                     0.9903 
    C3                  9.6992-03 
    NC4                 9.7805-07 
    IC4                 3.5231-06 
    NC5                 2.5869-10 
    IC5                 4.1689-10 
    C6                  2.4899-14 
    BENZENE             8.1210-15 
  COMPONENTS: LB/HR            
    C1                     0.7989 
    C2                  3.8114+04 
    C3                   547.4562 
    NC4                 7.2765-02 
    IC4                    0.2621 
    NC5                 2.3890-05 
    IC5                 3.8501-05 
    C6                  2.7465-09 
    BENZENE             8.1198-10 
  COMPONENTS: MASS FRAC        
    C1                  2.0663-05 
    C2                     0.9858 
    C3                  1.4160-02 
    NC4                 1.8820-06 
    IC4                 6.7795-06 
    NC5                 6.1792-10 
    IC5                 9.9581-10 
    C6                  7.1038-14 
    BENZENE             2.1002-14 
  TOTAL FLOW:      
    LBMOL/HR            1280.0000 
    LB/HR               3.8663+04 
    CUFT/HR             6962.8874 
  STATE VARIABLES: 
    TEMP   F              69.8752 
    PRES   PSIA          550.0000 
    VFRAC                  1.0000 
    LFRAC                  0.0    
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -3.7777+04 
    BTU/LB             -1250.6822 
    BTU/HR             -4.8355+07 
  ENTROPY:         
    BTU/LBMOL-R          -51.2558 
    BTU/LB-R              -1.6969 
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  DENSITY:         
    LBMOL/CUFT             0.1838 
    LB/CUFT                5.5527 
  AVG MW                  30.2053 
  
  21                                       
  -- 
  
  STREAM ID               21       
  FROM :                  T-101    
  TO   :                  T-102    
  
  SUBSTREAM: MIXED    
  PHASE:                  LIQUID  
  COMPONENTS: LBMOL/HR         
    C1                  1.1818-09 
    C2                     7.8223 
    C3                  1635.4791 
    NC4                  615.9722 
    IC4                  597.3228 
    NC5                  255.9831 
    IC5                  127.6790 
    C6                   257.1537 
    BENZENE                3.2136 
  COMPONENTS: MOLE FRAC        
    C1                  3.3760-13 
    C2                  2.2345-03 
    C3                     0.4672 
    NC4                    0.1760 
    IC4                    0.1706 
    NC5                 7.3125-02 
    IC5                 3.6473-02 
    C6                  7.3459-02 
    BENZENE             9.1799-04 
  COMPONENTS: LB/HR            
    C1                  1.8959-08 
    C2                   235.2138 
    C3                  7.2119+04 
    NC4                 3.5802+04 
    IC4                 3.4718+04 
    NC5                 1.8469+04 
    IC5                 9212.0727 
    C6                  2.2161+04 
    BENZENE              251.0223 
  COMPONENTS: MASS FRAC        
    C1                  9.8252-14 
    C2                  1.2189-03 
    C3                     0.3737 
    NC4                    0.1855 
    IC4                    0.1799 
    NC5                 9.5711-02 
    IC5                 4.7739-02 
    C6                     0.1148 
    BENZENE             1.3008-03 
  TOTAL FLOW:      
    LBMOL/HR            3500.6256 
    LB/HR               1.9297+05 
    CUFT/HR             8755.7743 
  STATE VARIABLES: 
    TEMP   F             265.7051 
    PRES   PSIA          555.5500 
    VFRAC                  0.0    
    LFRAC                  1.0000 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -5.3512+04 
    BTU/LB              -970.7623 
    BTU/HR             -1.8733+08 
  ENTROPY:         
    BTU/LBMOL-R          -86.3509 
    BTU/LB-R              -1.5665 
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  DENSITY:         
    LBMOL/CUFT             0.3998 
    LB/CUFT               22.0390 
  AVG MW                  55.1239 
  
  22                                       
  -- 
  
  STREAM ID               22       
  FROM :                  T-102    
  TO   :                  ----     
  
  SUBSTREAM: MIXED    
  PHASE:                  LIQUID  
  COMPONENTS: LBMOL/HR         
    C1                  1.1818-09 
    C2                     7.8223 
    C3                  1624.8358 
    NC4                    0.8058 
    IC4                    5.9358 
    NC5                 1.1323-04 
    IC5                 1.6749-04 
    C6                  1.1532-09 
    BENZENE             1.1108-10 
  COMPONENTS: MOLE FRAC        
    C1                  7.2088-13 
    C2                  4.7714-03 
    C3                     0.9911 
    NC4                 4.9153-04 
    IC4                 3.6207-03 
    NC5                 6.9071-08 
    IC5                 1.0217-07 
    C6                  7.0344-13 
    BENZENE             6.7759-14 
  COMPONENTS: LB/HR            
    C1                  1.8959-08 
    C2                   235.2138 
    C3                  7.1650+04 
    NC4                   46.8367 
    IC4                  345.0107 
    NC5                 8.1699-03 
    IC5                 1.2085-02 
    C6                  9.9381-08 
    BENZENE             8.6772-09 
  COMPONENTS: MASS FRAC        
    C1                  2.6232-13 
    C2                  3.2544-03 
    C3                     0.9913 
    NC4                 6.4802-04 
    IC4                 4.7735-03 
    NC5                 1.1304-07 
    IC5                 1.6720-07 
    C6                  1.3750-12 
    BENZENE             1.2006-13 
  TOTAL FLOW:      
    LBMOL/HR            1639.4000 
    LB/HR               7.2277+04 
    CUFT/HR             2683.3217 
  STATE VARIABLES: 
    TEMP   F             136.9853 
    PRES   PSIA          300.0000 
    VFRAC                  0.0    
    LFRAC                  1.0000 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -4.9990+04 
    BTU/LB             -1133.8822 
    BTU/HR             -8.1953+07 
  ENTROPY:         
    BTU/LBMOL-R          -77.8758 
    BTU/LB-R              -1.7664 
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  DENSITY:         
    LBMOL/CUFT             0.6110 
    LB/CUFT               26.9355 
  AVG MW                  44.0873 
  
  23                                       
  -- 
  
  STREAM ID               23       
  FROM :                  T-102    
  TO   :                  T-103    
  
  SUBSTREAM: MIXED    
  PHASE:                  LIQUID  
  COMPONENTS: LBMOL/HR         
    C1                  1.7178-25 
    C2                  8.2484-08 
    C3                    10.6433 
    NC4                  615.1664 
    IC4                  591.3870 
    NC5                  255.9830 
    IC5                  127.6788 
    C6                   257.1537 
    BENZENE                3.2136 
  COMPONENTS: MOLE FRAC        
    C1                  9.2295-29 
    C2                  4.4317-11 
    C3                  5.7184-03 
    NC4                    0.3305 
    IC4                    0.3177 
    NC5                    0.1375 
    IC5                 6.8599-02 
    C6                     0.1382 
    BENZENE             1.7266-03 
  COMPONENTS: LB/HR            
    C1                  2.7559-24 
    C2                  2.4803-06 
    C3                   469.3323 
    NC4                 3.5756+04 
    IC4                 3.4373+04 
    NC5                 1.8469+04 
    IC5                 9212.0606 
    C6                  2.2161+04 
    BENZENE              251.0223 
  COMPONENTS: MASS FRAC        
    C1                  2.2834-29 
    C2                  2.0550-11 
    C3                  3.8887-03 
    NC4                    0.2963 
    IC4                    0.2848 
    NC5                    0.1530 
    IC5                 7.6327-02 
    C6                     0.1836 
    BENZENE             2.0799-03 
  TOTAL FLOW:      
    LBMOL/HR            1861.2256 
    LB/HR               1.2069+05 
    CUFT/HR             4357.5330 
  STATE VARIABLES: 
    TEMP   F             264.3739 
    PRES   PSIA          305.1000 
    VFRAC                  0.0    
    LFRAC                  1.0000 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -6.1608+04 
    BTU/LB              -950.0843 
    BTU/HR             -1.1467+08 
  ENTROPY:         
    BTU/LBMOL-R         -103.3880 
    BTU/LB-R              -1.5944 
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  DENSITY:         
    LBMOL/CUFT             0.4271 
    LB/CUFT               27.6972 
  AVG MW                  64.8451 
  
  24                                       
  -- 
  
  STREAM ID               24       
  FROM :                  T-103    
  TO   :                  E112     
  
  SUBSTREAM: MIXED    
  PHASE:                  LIQUID  
  COMPONENTS: LBMOL/HR         
    C1                     0.0    
    C2                  8.2484-08 
    C3                    10.6433 
    NC4                  604.8776 
    IC4                  591.0601 
    NC5                    0.4900 
    IC5                    1.1089 
    C6                  5.2112-06 
    BENZENE             9.7493-08 
  COMPONENTS: MOLE FRAC        
    C1                     0.0    
    C2                  6.8271-11 
    C3                  8.8094-03 
    NC4                    0.5007 
    IC4                    0.4892 
    NC5                 4.0558-04 
    IC5                 9.1786-04 
    C6                  4.3133-09 
    BENZENE             8.0694-11 
  COMPONENTS: LB/HR            
    C1                     0.0    
    C2                  2.4803-06 
    C3                   469.3323 
    NC4                 3.5158+04 
    IC4                 3.4354+04 
    NC5                   35.3546 
    IC5                   80.0107 
    C6                  4.4909-04 
    BENZENE             7.6155-06 
  COMPONENTS: MASS FRAC        
    C1                     0.0    
    C2                  3.5383-11 
    C3                  6.6955-03 
    NC4                    0.5016 
    IC4                    0.4901 
    NC5                 5.0437-04 
    IC5                 1.1414-03 
    C6                  6.4067-09 
    BENZENE             1.0864-10 
  TOTAL FLOW:      
    LBMOL/HR            1208.1800 
    LB/HR               7.0097+04 
    CUFT/HR             2377.5676 
  STATE VARIABLES: 
    TEMP   F             189.1076 
    PRES   PSIA          200.0000 
    VFRAC                  0.0    
    LFRAC                  1.0000 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -6.0647+04 
    BTU/LB             -1045.3017 
    BTU/HR             -7.3272+07 
  ENTROPY:         
    BTU/LBMOL-R          -99.0180 
    BTU/LB-R              -1.7067 
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  DENSITY:         
    LBMOL/CUFT             0.5082 
    LB/CUFT               29.4825 
  AVG MW                  58.0184 
  
  25                                       
  -- 
  
  STREAM ID               25       
  FROM :                  T-103    
  TO   :                  E111     
  
  SUBSTREAM: MIXED    
  PHASE:                  LIQUID  
  COMPONENTS: LBMOL/HR         
    C1                     0.0    
    C2                  2.6288-22 
    C3                  4.2642-08 
    NC4                   10.2888 
    IC4                    0.3268 
    NC5                  255.4930 
    IC5                  126.5698 
    C6                   257.1536 
    BENZENE                3.2136 
  COMPONENTS: MOLE FRAC        
    C1                     0.0    
    C2                  4.0254-25 
    C3                  6.5298-11 
    NC4                 1.5755-02 
    IC4                 5.0045-04 
    NC5                    0.3912 
    IC5                    0.1938 
    C6                     0.3938 
    BENZENE             4.9209-03 
  COMPONENTS: LB/HR            
    C1                     0.0    
    C2                  7.9046-21 
    C3                  1.8804-06 
    NC4                  598.0199 
    IC4                   18.9956 
    NC5                 1.8434+04 
    IC5                 9132.0499 
    C6                  2.2161+04 
    BENZENE              251.0223 
  COMPONENTS: MASS FRAC        
    C1                     0.0    
    C2                  1.5623-25 
    C3                  3.7166-11 
    NC4                 1.1820-02 
    IC4                 3.7545-04 
    NC5                    0.3643 
    IC5                    0.1805 
    C6                     0.4380 
    BENZENE             4.9614-03 
  TOTAL FLOW:      
    LBMOL/HR             653.0456 
    LB/HR               5.0595+04 
    CUFT/HR             1703.0066 
  STATE VARIABLES: 
    TEMP   F             310.1104 
    PRES   PSIA          205.4000 
    VFRAC                  0.0    
    LFRAC                  1.0000 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -6.7049+04 
    BTU/LB              -865.4260 
    BTU/HR             -4.3786+07 
  ENTROPY:         
    BTU/LBMOL-R         -120.3184 
    BTU/LB-R              -1.5530 
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  DENSITY:         
    LBMOL/CUFT             0.3835 
    LB/CUFT               29.7091 
  AVG MW                  77.4751 
  
  26                                       
  -- 
  
  STREAM ID               26       
  FROM :                  E111     
  TO   :                  ----     
  
  SUBSTREAM: MIXED    
  PHASE:                  LIQUID  
  COMPONENTS: LBMOL/HR         
    C1                     0.0    
    C2                  2.6288-22 
    C3                  4.2642-08 
    NC4                   10.2888 
    IC4                    0.3268 
    NC5                  255.4930 
    IC5                  126.5698 
    C6                   257.1536 
    BENZENE                3.2136 
  COMPONENTS: MOLE FRAC        
    C1                     0.0    
    C2                  4.0254-25 
    C3                  6.5298-11 
    NC4                 1.5755-02 
    IC4                 5.0045-04 
    NC5                    0.3912 
    IC5                    0.1938 
    C6                     0.3938 
    BENZENE             4.9209-03 
  COMPONENTS: LB/HR            
    C1                     0.0    
    C2                  7.9046-21 
    C3                  1.8804-06 
    NC4                  598.0199 
    IC4                   18.9956 
    NC5                 1.8434+04 
    IC5                 9132.0499 
    C6                  2.2161+04 
    BENZENE              251.0223 
  COMPONENTS: MASS FRAC        
    C1                     0.0    
    C2                  1.5623-25 
    C3                  3.7166-11 
    NC4                 1.1820-02 
    IC4                 3.7545-04 
    NC5                    0.3643 
    IC5                    0.1805 
    C6                     0.4380 
    BENZENE             4.9614-03 
  TOTAL FLOW:      
    LBMOL/HR             653.0456 
    LB/HR               5.0595+04 
    CUFT/HR             1283.4418 
  STATE VARIABLES: 
    TEMP   F              85.6000 
    PRES   PSIA          205.4000 
    VFRAC                  0.0    
    LFRAC                  1.0000 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -7.8157+04 
    BTU/LB             -1008.8033 
    BTU/HR             -5.1040+07 
  ENTROPY:         
    BTU/LBMOL-R         -137.1909 
    BTU/LB-R              -1.7708 
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  DENSITY:         
    LBMOL/CUFT             0.5088 
    LB/CUFT               39.4211 
  AVG MW                  77.4751 
  
  27                                       
  -- 
  
  STREAM ID               27       
  FROM :                  T-100    
  TO   :                  E111     
  
  SUBSTREAM: MIXED    
  PHASE:                  LIQUID  
  COMPONENTS: LBMOL/HR         
    C1                     0.4271 
    C2                  3973.1649 
    C3                  3046.4005 
    NC4                  826.6239 
    IC4                  845.7102 
    NC5                  295.3060 
    IC5                  150.3417 
    C6                   271.8486 
    BENZENE                3.4262 
  COMPONENTS: MOLE FRAC        
    C1                  4.5374-05 
    C2                     0.4221 
    C3                     0.3236 
    NC4                 8.7815-02 
    IC4                 8.9843-02 
    NC5                 3.1371-02 
    IC5                 1.5971-02 
    C6                  2.8879-02 
    BENZENE             3.6397-04 
  COMPONENTS: LB/HR            
    C1                     6.8521 
    C2                  1.1947+05 
    C3                  1.3434+05 
    NC4                 4.8046+04 
    IC4                 4.9156+04 
    NC5                 2.1306+04 
    IC5                 1.0847+04 
    C6                  2.3427+04 
    BENZENE              267.6295 
  COMPONENTS: MASS FRAC        
    C1                  1.6841-05 
    C2                     0.2936 
    C3                     0.3302 
    NC4                    0.1181 
    IC4                    0.1208 
    NC5                 5.2367-02 
    IC5                 2.6660-02 
    C6                  5.7580-02 
    BENZENE             6.5779-04 
  TOTAL FLOW:      
    LBMOL/HR            9413.2491 
    LB/HR               4.0686+05 
    CUFT/HR             1.3450+04 
  STATE VARIABLES: 
    TEMP   F              80.5715 
    PRES   PSIA          276.5000 
    VFRAC                  0.0    
    LFRAC                  1.0000 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -5.1395+04 
    BTU/LB             -1189.0719 
    BTU/HR             -4.8379+08 
  ENTROPY:         
    BTU/LBMOL-R          -77.1278 
    BTU/LB-R              -1.7844 
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  DENSITY:         
    LBMOL/CUFT             0.6999 
    LB/CUFT               30.2507 
  AVG MW                  43.2225 
  
  28                                       
  -- 
  
  STREAM ID               28       
  FROM :                  E111     
  TO   :                  E112     
  
  SUBSTREAM: MIXED    
  PHASE:                  MIXED   
  COMPONENTS: LBMOL/HR         
    C1                     0.4271 
    C2                  3973.1649 
    C3                  3046.4005 
    NC4                  826.6239 
    IC4                  845.7102 
    NC5                  295.3060 
    IC5                  150.3417 
    C6                   271.8486 
    BENZENE                3.4262 
  COMPONENTS: MOLE FRAC        
    C1                  4.5374-05 
    C2                     0.4221 
    C3                     0.3236 
    NC4                 8.7815-02 
    IC4                 8.9843-02 
    NC5                 3.1371-02 
    IC5                 1.5971-02 
    C6                  2.8879-02 
    BENZENE             3.6397-04 
  COMPONENTS: LB/HR            
    C1                     6.8521 
    C2                  1.1947+05 
    C3                  1.3434+05 
    NC4                 4.8046+04 
    IC4                 4.9156+04 
    NC5                 2.1306+04 
    IC5                 1.0847+04 
    C6                  2.3427+04 
    BENZENE              267.6295 
  COMPONENTS: MASS FRAC        
    C1                  1.6841-05 
    C2                     0.2936 
    C3                     0.3302 
    NC4                    0.1181 
    IC4                    0.1208 
    NC5                 5.2367-02 
    IC5                 2.6660-02 
    C6                  5.7580-02 
    BENZENE             6.5779-04 
  TOTAL FLOW:      
    LBMOL/HR            9413.2491 
    LB/HR               4.0686+05 
    CUFT/HR             3.1308+04 
  STATE VARIABLES: 
    TEMP   F              87.7973 
    PRES   PSIA          276.5000 
    VFRAC                  0.1249 
    LFRAC                  0.8751 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -5.0624+04 
    BTU/LB             -1171.2425 
    BTU/HR             -4.7654+08 
  ENTROPY:         
    BTU/LBMOL-R          -75.7106 
    BTU/LB-R              -1.7516 
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  DENSITY:         
    LBMOL/CUFT             0.3007 
    LB/CUFT               12.9955 
  AVG MW                  43.2225 
  
  29                                       
  -- 
  
  STREAM ID               29       
  FROM :                  E112     
  TO   :                  T-100    
  
  
  MAX CONV. ERROR:      8.7347-05 
  SUBSTREAM: MIXED    
  PHASE:                  MIXED   
  COMPONENTS: LBMOL/HR         
    C1                     0.4271 
    C2                  3973.1649 
    C3                  3046.4005 
    NC4                  826.6239 
    IC4                  845.7102 
    NC5                  295.3060 
    IC5                  150.3417 
    C6                   271.8486 
    BENZENE                3.4262 
  COMPONENTS: MOLE FRAC        
    C1                  4.5374-05 
    C2                     0.4221 
    C3                     0.3236 
    NC4                 8.7815-02 
    IC4                 8.9843-02 
    NC5                 3.1371-02 
    IC5                 1.5971-02 
    C6                  2.8879-02 
    BENZENE             3.6397-04 
  COMPONENTS: LB/HR            
    C1                     6.8521 
    C2                  1.1947+05 
    C3                  1.3434+05 
    NC4                 4.8046+04 
    IC4                 4.9156+04 
    NC5                 2.1306+04 
    IC5                 1.0847+04 
    C6                  2.3427+04 
    BENZENE              267.6295 
  COMPONENTS: MASS FRAC        
    C1                  1.6841-05 
    C2                     0.2936 
    C3                     0.3302 
    NC4                    0.1181 
    IC4                    0.1208 
    NC5                 5.2367-02 
    IC5                 2.6660-02 
    C6                  5.7580-02 
    BENZENE             6.5779-04 
  TOTAL FLOW:      
    LBMOL/HR            9413.2491 
    LB/HR               4.0686+05 
    CUFT/HR             4.2132+04 
  STATE VARIABLES: 
    TEMP   F              92.4598 
    PRES   PSIA          276.5000 
    VFRAC                  0.1988 
    LFRAC                  0.8012 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -5.0152+04 
    BTU/LB             -1160.3261 
    BTU/HR             -4.7210+08 
  ENTROPY:         
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    BTU/LBMOL-R          -74.8524 
    BTU/LB-R              -1.7318 
  DENSITY:         
    LBMOL/CUFT             0.2234 
    LB/CUFT                9.6568 
  AVG MW                  43.2225 
  
  30                                       
  -- 
  
  STREAM ID               30       
  FROM :                  E112     
  TO   :                  ----     
  
  SUBSTREAM: MIXED    
  PHASE:                  LIQUID  
  COMPONENTS: LBMOL/HR         
    C1                     0.0    
    C2                  8.2484-08 
    C3                    10.6433 
    NC4                  604.8776 
    IC4                  591.0601 
    NC5                    0.4900 
    IC5                    1.1089 
    C6                  5.2112-06 
    BENZENE             9.7493-08 
  COMPONENTS: MOLE FRAC        
    C1                     0.0    
    C2                  6.8271-11 
    C3                  8.8094-03 
    NC4                    0.5007 
    IC4                    0.4892 
    NC5                 4.0558-04 
    IC5                 9.1786-04 
    C6                  4.3133-09 
    BENZENE             8.0694-11 
  COMPONENTS: LB/HR            
    C1                     0.0    
    C2                  2.4803-06 
    C3                   469.3323 
    NC4                 3.5158+04 
    IC4                 3.4354+04 
    NC5                   35.3546 
    IC5                   80.0107 
    C6                  4.4909-04 
    BENZENE             7.6155-06 
  COMPONENTS: MASS FRAC        
    C1                     0.0    
    C2                  3.5383-11 
    C3                  6.6955-03 
    NC4                    0.5016 
    IC4                    0.4901 
    NC5                 5.0437-04 
    IC5                 1.1414-03 
    C6                  6.4067-09 
    BENZENE             1.0864-10 
  TOTAL FLOW:      
    LBMOL/HR            1208.1800 
    LB/HR               7.0097+04 
    CUFT/HR             2037.1101 
  STATE VARIABLES: 
    TEMP   F              92.8000 
    PRES   PSIA          200.0000 
    VFRAC                  0.0    
    LFRAC                  1.0000 
    SFRAC                  0.0    
  ENTHALPY:        
    BTU/LBMOL          -6.4323+04 
    BTU/LB             -1108.6636 
    BTU/HR             -7.7714+07 
  ENTROPY:         
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    BTU/LBMOL-R         -105.1320 
    BTU/LB-R              -1.8120 
  DENSITY:         
    LBMOL/CUFT             0.5931 
    LB/CUFT               34.4099 
  AVG MW                  58.0184 
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B) Block Results 
   
BLOCK:  E100     MODEL: MHEATX           
  ------------------------------ 
  
    HOT SIDE:    INLET STREAM     OUTLET STREAM 
                 ------------     ------------- 
                 1                2        
  
    COLD SIDE:   INLET STREAM     OUTLET STREAM 
                 ------------     ------------- 
                 12               13       
  
    PROPERTIES FOR STREAM 1        
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
    PROPERTIES FOR STREAM 12       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            127057.         127057.         0.00000     
        MASS(LB/HR   )           0.250621E+07    0.250621E+07     0.00000     
        ENTHALPY(BTU/HR  )      -0.436439E+10   -0.436439E+10     0.00000     
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E            0.409576E+08  LB/HR            
     PRODUCT STREAMS CO2E         0.409576E+08  LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                           ***  INPUT DATA  *** 
  
  
    SPECIFICATIONS FOR STREAM 1       : 
    TWO    PHASE  TP  FLASH 
    SPECIFIED TEMPERATURE                F                        24.5239      
    PRESSURE DROP                        PSI                       7.00000     
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
  
    SPECIFICATIONS FOR STREAM 12      : 
    TWO    PHASE      FLASH 
    PRESSURE DROP                        PSI                       7.00000     
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
  
                           ***  RESULTS  *** 
  
   INLET                  OUTLET       OUTLET       OUTLET 
   STREAM    DUTY         TEMPERATURE  PRESSURE     VAPOR FRAC 
             BTU/HR       F            PSIA     
  
   1         -0.59332E+08     24.52      757.70         0.9555 
   12         0.59332E+08     74.97      261.00         1.0000 
  
  
            ------------------------------------------ 
            |                                        | 
   1        |                                        | 2        
  --------->|          65919.     LBMOL/HR           |---------> 
      80.00 |                                        |    24.52 
            |                                        | 
   13       |                                        | 12       
  <---------|          61138.     LBMOL/HR           |<--------- 
      74.97 |                                        |   -23.51 
            |                                        | 
            ------------------------------------------ 
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                           ***  INTERNAL ANALYSIS  *** 
  
   FLOW IS COUNTERCURRENT. 
   DUTY                             0.59332E+08 BTU/HR       
   UA                               0.35386E+07 BTU/HR-R     
   AVERAGE LMTD (DUTY/UA)            16.767     F    
   MIN TEMP APPROACH                 5.0261     F    
   HOT-SIDE TEMP APPROACH            5.0261     F    
   COLD-SIDE TEMP APPROACH           48.035     F    
   HOT-SIDE NTU                      3.3086     
   COLD-SIDE NTU                     5.8736     
  
   TQ-TABLE(S) INTERPOLATED FOR AT LEAST ONE STREAM DURING INTERNAL ZONE ANALYSIS. 
  
   DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  
STREAM IN/OUT/DEW/  
                                                                                           POINT  
BUBBLE POINT  
   BTU/HR          F         F         F         F     BTU/HR-R    BTU/HR      BTU/HR-R    
  
    0.000         24.52    -23.51     48.03                                                                     
   0.5933E+06     25.00    -22.53     47.53     47.78  0.1242E+05  0.5933E+06  0.1242E+05                       
   0.1187E+07     25.47    -21.56     47.02     47.28  0.1255E+05  0.5933E+06  0.2497E+05                       
   0.1780E+07     25.94    -20.58     46.52     46.77  0.1269E+05  0.5933E+06  0.3765E+05                       
   0.2373E+07     26.42    -19.60     46.02     46.27  0.1282E+05  0.5933E+06  0.5048E+05                       
   0.2967E+07     26.90    -18.62     45.52     45.77  0.1296E+05  0.5933E+06  0.6344E+05                       
   0.3560E+07     27.38    -17.64     45.01     45.26  0.1311E+05  0.5933E+06  0.7655E+05                       
   0.4153E+07     27.86    -16.66     44.51     44.76  0.1325E+05  0.5933E+06  0.8980E+05                       
   0.4747E+07     28.34    -15.68     44.01     44.26  0.1340E+05  0.5933E+06  0.1032E+06                       
   0.5340E+07     28.82    -14.70     43.51     43.76  0.1356E+05  0.5933E+06  0.1168E+06                       
   0.5933E+07     29.30    -13.71     43.02     43.26  0.1371E+05  0.5933E+06  0.1305E+06                       
   0.6527E+07     29.79    -12.73     42.52     42.77  0.1387E+05  0.5933E+06  0.1444E+06                       
   0.7120E+07     30.27    -11.75     42.02     42.27  0.1404E+05  0.5933E+06  0.1584E+06                       
   0.7713E+07     30.76    -10.77     41.53     41.77  0.1420E+05  0.5933E+06  0.1726E+06                       
   0.8307E+07     31.25     -9.79     41.03     41.28  0.1437E+05  0.5933E+06  0.1870E+06                       
   0.8900E+07     31.74     -8.80     40.54     40.78  0.1455E+05  0.5933E+06  0.2015E+06                       
   0.9493E+07     32.23     -7.82     40.04     40.29  0.1473E+05  0.5933E+06  0.2162E+06                       
   0.1009E+08     32.72     -6.84     39.55     39.80  0.1491E+05  0.5933E+06  0.2311E+06                       
   0.1068E+08     33.21     -5.85     39.06     39.31  0.1509E+05  0.5933E+06  0.2462E+06                       
   0.1127E+08     33.71     -4.87     38.57     38.82  0.1529E+05  0.5933E+06  0.2615E+06                       
   0.1187E+08     34.20     -3.88     38.08     38.33  0.1548E+05  0.5933E+06  0.2770E+06                       
   0.1246E+08     34.70     -2.90     37.59     37.84  0.1568E+05  0.5933E+06  0.2927E+06                       
   0.1305E+08     35.20     -1.91     37.11     37.35  0.1589E+05  0.5933E+06  0.3086E+06                       
   0.1365E+08     35.70     -0.93     36.62     36.86  0.1609E+05  0.5933E+06  0.3247E+06                       
   0.1424E+08     36.20      0.06     36.14     36.38  0.1631E+05  0.5933E+06  0.3410E+06                       
   0.1483E+08     36.70      1.04     35.65     35.89  0.1653E+05  0.5933E+06  0.3575E+06                       
   0.1543E+08     37.20      2.03     35.17     35.41  0.1676E+05  0.5933E+06  0.3743E+06                       
   0.1602E+08     37.71      3.02     34.69     34.93  0.1699E+05  0.5933E+06  0.3912E+06                       
   0.1661E+08     38.21      4.00     34.21     34.45  0.1722E+05  0.5933E+06  0.4085E+06                       
   0.1721E+08     38.72      4.99     33.73     33.97  0.1747E+05  0.5933E+06  0.4259E+06                       
   0.1780E+08     39.23      5.98     33.25     33.49  0.1772E+05  0.5933E+06  0.4437E+06                       
   0.1839E+08     39.74      6.96     32.77     33.01  0.1797E+05  0.5933E+06  0.4616E+06                       
   0.1899E+08     40.25      7.95     32.30     32.53  0.1824E+05  0.5933E+06  0.4799E+06                       
   0.1958E+08     40.76      8.94     31.82     32.06  0.1851E+05  0.5933E+06  0.4984E+06                       
   0.2017E+08     41.27      9.92     31.35     31.58  0.1879E+05  0.5933E+06  0.5172E+06                       
   0.2077E+08     41.79     10.91     30.87     31.11  0.1907E+05  0.5933E+06  0.5362E+06                       
   0.2136E+08     42.30     11.90     30.40     30.64  0.1937E+05  0.5933E+06  0.5556E+06                       
   0.2195E+08     42.82     12.89     29.93     30.17  0.1967E+05  0.5933E+06  0.5753E+06                       
   0.2255E+08     43.34     13.88     29.46     29.70  0.1998E+05  0.5933E+06  0.5952E+06                       
  
   DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  
STREAM IN/OUT/DEW/  
                                                                                           POINT  
BUBBLE POINT  
   BTU/HR          F         F         F         F     BTU/HR-R    BTU/HR      BTU/HR-R    
  
   0.2314E+08     43.86     14.86     28.99     29.23  0.2030E+05  0.5933E+06  0.6155E+06                       
   0.2373E+08     44.38     15.85     28.53     28.76  0.2063E+05  0.5933E+06  0.6362E+06                       
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   0.2433E+08     44.90     16.84     28.06     28.29  0.2097E+05  0.5933E+06  0.6571E+06                       
   0.2492E+08     45.42     17.83     27.60     27.83  0.2132E+05  0.5933E+06  0.6785E+06                       
   0.2551E+08     45.95     18.81     27.13     27.36  0.2168E+05  0.5933E+06  0.7001E+06                       
   0.2611E+08     46.47     19.80     26.67     26.90  0.2206E+05  0.5933E+06  0.7222E+06                       
   0.2670E+08     47.00     20.79     26.21     26.44  0.2244E+05  0.5933E+06  0.7446E+06                       
   0.2729E+08     47.53     21.78     25.75     25.98  0.2284E+05  0.5933E+06  0.7675E+06                       
   0.2789E+08     48.06     22.77     25.29     25.52  0.2325E+05  0.5933E+06  0.7907E+06                       
   0.2848E+08     48.59     23.76     24.83     25.06  0.2368E+05  0.5933E+06  0.8144E+06                       
   0.2907E+08     49.12     24.74     24.37     24.60  0.2412E+05  0.5933E+06  0.8385E+06                       
   0.2967E+08     49.65     25.73     23.92     24.15  0.2457E+05  0.5933E+06  0.8631E+06                       
   0.3026E+08     50.18     26.72     23.46     23.69  0.2505E+05  0.5933E+06  0.8881E+06                       
   0.3085E+08     50.72     27.71     23.01     23.24  0.2553E+05  0.5933E+06  0.9137E+06                       
   0.3145E+08     51.25     28.70     22.56     22.78  0.2604E+05  0.5933E+06  0.9397E+06                       
   0.3204E+08     51.79     29.68     22.11     22.33  0.2657E+05  0.5933E+06  0.9663E+06                       
   0.3263E+08     52.33     30.67     21.66     21.88  0.2712E+05  0.5933E+06  0.9934E+06                       
   0.3323E+08     52.87     31.66     21.21     21.43  0.2769E+05  0.5933E+06  0.1021E+07                       
   0.3382E+08     53.41     32.65     20.76     20.98  0.2828E+05  0.5933E+06  0.1049E+07                       
   0.3441E+08     53.95     33.64     20.31     20.53  0.2889E+05  0.5933E+06  0.1078E+07                       
   0.3501E+08     54.49     34.62     19.87     20.09  0.2954E+05  0.5933E+06  0.1108E+07                       
   0.3560E+08     55.03     35.61     19.42     19.64  0.3020E+05  0.5933E+06  0.1138E+07                       
   0.3619E+08     55.58     36.60     18.98     19.20  0.3090E+05  0.5933E+06  0.1169E+07                       
   0.3679E+08     56.12     37.59     18.54     18.76  0.3163E+05  0.5933E+06  0.1201E+07                       
   0.3738E+08     56.67     38.57     18.09     18.31  0.3240E+05  0.5933E+06  0.1233E+07                       
   0.3797E+08     57.21     39.56     17.65     17.87  0.3320E+05  0.5933E+06  0.1266E+07                       
   0.3857E+08     57.76     40.55     17.21     17.43  0.3404E+05  0.5933E+06  0.1300E+07                       
   0.3916E+08     58.31     41.53     16.78     16.99  0.3491E+05  0.5933E+06  0.1335E+07                       
   0.3975E+08     58.86     42.52     16.34     16.56  0.3584E+05  0.5933E+06  0.1371E+07                       
   0.4035E+08     59.41     43.51     15.90     16.12  0.3681E+05  0.5933E+06  0.1408E+07                       
   0.4094E+08     59.96     44.50     15.47     15.68  0.3783E+05  0.5933E+06  0.1446E+07                       
   0.4153E+08     60.51     45.48     15.03     15.25  0.3891E+05  0.5933E+06  0.1484E+07                       
   0.4213E+08     61.06     46.47     14.60     14.81  0.4006E+05  0.5933E+06  0.1525E+07                       
   0.4272E+08     61.62     47.45     14.16     14.38  0.4126E+05  0.5933E+06  0.1566E+07                       
   0.4331E+08     62.17     48.44     13.73     13.95  0.4254E+05  0.5933E+06  0.1608E+07                       
   0.4391E+08     62.73     49.43     13.30     13.52  0.4390E+05  0.5933E+06  0.1652E+07                       
   0.4450E+08     63.28     50.41     12.87     13.08  0.4534E+05  0.5933E+06  0.1698E+07                       
   0.4509E+08     63.84     51.40     12.44     12.66  0.4688E+05  0.5933E+06  0.1744E+07                       
   0.4569E+08     64.39     52.38     12.01     12.23  0.4853E+05  0.5933E+06  0.1793E+07                       
   0.4628E+08     64.95     53.37     11.59     11.80  0.5029E+05  0.5933E+06  0.1843E+07                       
   0.4687E+08     65.51     54.35     11.16     11.37  0.5218E+05  0.5933E+06  0.1895E+07                       
   0.4747E+08     66.07     55.34     10.73     10.94  0.5421E+05  0.5933E+06  0.1950E+07                       
   0.4787E+08     66.31     56.00     10.31     10.52  0.3824E+05  0.4022E+06  0.1988E+07  LOC    
DP  1         
   0.4806E+08     66.71     56.32     10.38     10.35  0.1847E+05  0.1911E+06  0.2006E+07                       
   0.4865E+08     67.40     57.30     10.09     10.24  0.5795E+05  0.5933E+06  0.2064E+07                       
   0.4925E+08     68.09     58.29      9.81      9.95  0.5963E+05  0.5933E+06  0.2124E+07                       
   0.4984E+08     68.79     59.27      9.52      9.66  0.6142E+05  0.5933E+06  0.2185E+07                       
   0.5043E+08     69.48     60.26      9.23      9.37  0.6330E+05  0.5933E+06  0.2249E+07                       
   0.5103E+08     70.18     61.24      8.94      9.09  0.6530E+05  0.5933E+06  0.2314E+07                       
   0.5162E+08     70.88     62.22      8.66      8.80  0.6743E+05  0.5933E+06  0.2381E+07                       
  
   DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  
STREAM IN/OUT/DEW/  
                                                                                           POINT  
BUBBLE POINT  
   BTU/HR          F         F         F         F     BTU/HR-R    BTU/HR      BTU/HR-R    
  
   0.5221E+08     71.58     63.20      8.37      8.51  0.6969E+05  0.5933E+06  0.2451E+07                       
   0.5281E+08     72.28     64.19      8.09      8.23  0.7209E+05  0.5933E+06  0.2523E+07                       
   0.5340E+08     72.97     65.17      7.81      7.95  0.7466E+05  0.5933E+06  0.2598E+07                       
   0.5399E+08     73.67     66.15      7.52      7.66  0.7741E+05  0.5933E+06  0.2675E+07                       
   0.5459E+08     74.37     67.13      7.24      7.38  0.8037E+05  0.5933E+06  0.2756E+07                       
   0.5518E+08     75.08     68.11      6.96      7.10  0.8354E+05  0.5933E+06  0.2839E+07                       
   0.5577E+08     75.78     69.09      6.68      6.82  0.8697E+05  0.5933E+06  0.2926E+07                       
   0.5637E+08     76.48     70.07      6.41      6.54  0.9068E+05  0.5933E+06  0.3017E+07                       
   0.5696E+08     77.18     71.06      6.13      6.27  0.9470E+05  0.5933E+06  0.3112E+07                       
   0.5755E+08     77.89     72.04      5.85      5.99  0.9908E+05  0.5933E+06  0.3211E+07                       
   0.5815E+08     78.59     73.02      5.57      5.71  0.1039E+06  0.5933E+06  0.3314E+07                       
   0.5874E+08     79.30     73.99      5.30      5.44  0.1091E+06  0.5933E+06  0.3424E+07                       
   0.5933E+08     80.00     74.97      5.03      5.16  0.1149E+06  0.5933E+06  0.3539E+07  GBL                  
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   GBL = GLOBAL     LOC = LOCAL     DP  = DEW POINT     BP  = BUBBLE POINT 
  
  
                           ***  TQ-TABLES FOR HOT SIDE STREAMS *** 
  
  STREAM: 1        
  
    Q STREAM    TEMP        PRES        VFRAC      
  
    BTU/HR      F           PSIA       
  
    0.5933E+08   80.00       764.7       1.000     
    0.5810E+08   78.53       764.6       1.000     
    0.5686E+08   77.07       764.4       1.000     
    0.5562E+08   75.60       764.3       1.000     
    0.5439E+08   74.14       764.1       1.000     
    0.5315E+08   72.68       764.0       1.000     
    0.5192E+08   71.23       763.8       1.000     
    0.5068E+08   69.77       763.7       1.000     
    0.4944E+08   68.33       763.5       1.000     
    0.4821E+08   66.88       763.4       1.000     
    0.4772E+08   66.31       763.3       1.000     
    0.4697E+08   65.60       763.2      0.9995     
    0.4574E+08   64.44       763.1      0.9987     
    0.4450E+08   63.28       762.9      0.9979     
    0.4326E+08   62.13       762.8      0.9971     
    0.4203E+08   60.97       762.7      0.9962     
    0.4079E+08   59.82       762.5      0.9954     
    0.3955E+08   58.68       762.4      0.9945     
    0.3832E+08   57.53       762.2      0.9936     
    0.3708E+08   56.39       762.1      0.9927     
    0.3585E+08   55.26       761.9      0.9918     
    0.3461E+08   54.13       761.8      0.9909     
    0.3337E+08   53.00       761.6      0.9899     
    0.3214E+08   51.88       761.5      0.9889     
    0.3090E+08   50.76       761.3      0.9879     
    0.2967E+08   49.65       761.2      0.9869     
    0.2843E+08   48.54       761.1      0.9859     
    0.2719E+08   47.44       760.9      0.9848     
    0.2596E+08   46.34       760.8      0.9838     
    0.2472E+08   45.25       760.6      0.9827     
    0.2349E+08   44.16       760.5      0.9815     
    0.2225E+08   43.08       760.3      0.9804     
    0.2101E+08   42.00       760.2      0.9792     
    0.1978E+08   40.93       760.0      0.9780     
    0.1854E+08   39.86       759.9      0.9768     
    0.1731E+08   38.80       759.7      0.9756     
    0.1607E+08   37.75       759.6      0.9743     
    0.1483E+08   36.70       759.4      0.9730     
    0.1360E+08   35.65       759.3      0.9717     
    0.1236E+08   34.61       759.2      0.9704     
    0.1112E+08   33.58       759.0      0.9690     
    0.9889E+07   32.55       758.9      0.9676     
    0.8653E+07   31.53       758.7      0.9662     
    0.7417E+07   30.51       758.6      0.9647     
    0.6180E+07   29.50       758.4      0.9633     
    0.4944E+07   28.50       758.3      0.9618     
    0.3708E+07   27.50       758.1      0.9602     
    0.2472E+07   26.50       758.0      0.9587     
    0.1236E+07   25.51       757.8      0.9571     
     0.000       24.52       757.7      0.9555     
  
  
                           ***  TQ-TABLES FOR COLD SIDE STREAMS *** 
  
  STREAM: 12       
  
    Q STREAM    TEMP        PRES        VFRAC      
  
    BTU/HR      F           PSIA       
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     0.000      -23.51       268.0       1.000     
    0.1211E+07  -21.52       267.9       1.000     
    0.2422E+07  -19.52       267.7       1.000     
    0.3633E+07  -17.52       267.6       1.000     
    0.4843E+07  -15.52       267.4       1.000     
    0.6054E+07  -13.51       267.3       1.000     
    0.7265E+07  -11.51       267.1       1.000     
    0.8476E+07  -9.505       267.0       1.000     
    0.9687E+07  -7.498       266.9       1.000     
    0.1090E+08  -5.490       266.7       1.000     
    0.1211E+08  -3.480       266.6       1.000     
    0.1332E+08  -1.470       266.4       1.000     
    0.1453E+08  0.5416       266.3       1.000     
    0.1574E+08   2.554       266.1       1.000     
    0.1695E+08   4.567       266.0       1.000     
    0.1816E+08   6.581       265.9       1.000     
    0.1937E+08   8.595       265.7       1.000     
    0.2058E+08   10.61       265.6       1.000     
    0.2180E+08   12.63       265.4       1.000     
    0.2301E+08   14.64       265.3       1.000     
    0.2422E+08   16.66       265.1       1.000     
    0.2543E+08   18.67       265.0       1.000     
    0.2664E+08   20.69       264.9       1.000     
    0.2785E+08   22.71       264.7       1.000     
    0.2906E+08   24.72       264.6       1.000     
    0.3027E+08   26.74       264.4       1.000     
    0.3148E+08   28.76       264.3       1.000     
    0.3269E+08   30.77       264.1       1.000     
    0.3390E+08   32.79       264.0       1.000     
    0.3511E+08   34.80       263.9       1.000     
    0.3633E+08   36.82       263.7       1.000     
    0.3754E+08   38.84       263.6       1.000     
    0.3875E+08   40.85       263.4       1.000     
    0.3996E+08   42.86       263.3       1.000     
    0.4117E+08   44.88       263.1       1.000     
    0.4238E+08   46.89       263.0       1.000     
    0.4359E+08   48.90       262.9       1.000     
    0.4480E+08   50.91       262.7       1.000     
    0.4601E+08   52.92       262.6       1.000     
    0.4722E+08   54.93       262.4       1.000     
    0.4843E+08   56.94       262.3       1.000     
    0.4965E+08   58.95       262.1       1.000     
    0.5086E+08   60.96       262.0       1.000     
    0.5207E+08   62.96       261.9       1.000     
    0.5328E+08   64.97       261.7       1.000     
    0.5449E+08   66.97       261.6       1.000     
    0.5570E+08   68.97       261.4       1.000     
    0.5691E+08   70.98       261.3       1.000     
    0.5812E+08   72.98       261.1       1.000     
    0.5933E+08   74.97       261.0       1.000     
  
  MHEATX HCURVE:      E100     HCURVE 1    
  ------------------------------------- 
    INDEPENDENT VARIABLE:  DUTY     
    STREAM:                1        
    PRESSURE PROFILE:      CONSTANT     
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
  ----------------------------------------------------- 
  !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
  !            !            !            !            ! 
  !            !            !            !            ! 
  !            !            !            !            ! 
  !  BTU/HR    !  PSIA      !  F         !            ! 
  !            !            !            !            ! 
  !============!============!============!============! 
  !     0.0    !   757.6959 !    79.4700 !     1.0000 ! 
  ! -5.3938+06 !   757.6959 !    73.1153 !     1.0000 ! 
  ! -1.0788+07 !   757.6959 !    66.8145 !     1.0000 ! 
  ! -1.1219+07 !   757.6959 !    66.3134 ! DEW>1.0000 ! 
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  ! -1.6182+07 !   757.6959 !    61.6879 !     0.9968 ! 
  !------------+------------+------------+------------! 
  ! -2.1575+07 !   757.6959 !    56.7201 !     0.9930 ! 
  ! -2.6969+07 !   757.6959 !    51.8283 !     0.9889 ! 
  ! -3.2363+07 !   757.6959 !    47.0245 !     0.9845 ! 
  ! -3.7757+07 !   757.6959 !    42.3176 !     0.9796 ! 
  ! -4.3151+07 !   757.6959 !    37.7131 !     0.9743 ! 
  !------------+------------+------------+------------! 
  ! -4.8545+07 !   757.6959 !    33.2132 !     0.9686 ! 
  ! -5.3938+07 !   757.6959 !    28.8176 !     0.9623 ! 
  ! -5.9332+07 !   757.6959 !    24.5238 !     0.9555 ! 
  ----------------------------------------------------- 
  
  MHEATX HCURVE:      E100     HCURVE 2    
  ------------------------------------- 
    INDEPENDENT VARIABLE:  DUTY     
    STREAM:                12       
    PRESSURE PROFILE:      CONSTANT     
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
  ----------------------------------------------------- 
  !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
  !            !            !            !            ! 
  !            !            !            !            ! 
  !            !            !            !            ! 
  !  BTU/HR    !  PSIA      !  F         !            ! 
  !            !            !            !            ! 
  !============!============!============!============! 
  !     0.0    !   261.0000 !   -24.2902 !     1.0000 ! 
  !  5.3938+06 !   261.0000 !   -15.2882 !     1.0000 ! 
  !  1.0788+07 !   261.0000 !    -6.2616 !     1.0000 ! 
  !  1.6182+07 !   261.0000 !     2.7815 !     1.0000 ! 
  !  2.1575+07 !   261.0000 !    11.8341 !     1.0000 ! 
  !------------+------------+------------+------------! 
  !  2.6969+07 !   261.0000 !    20.8894 !     1.0000 ! 
  !  3.2363+07 !   261.0000 !    29.9413 !     1.0000 ! 
  !  3.7757+07 !   261.0000 !    38.9844 !     1.0000 ! 
  !  4.3151+07 !   261.0000 !    48.0136 !     1.0000 ! 
  !  4.8545+07 !   261.0000 !    57.0243 !     1.0000 ! 
  !------------+------------+------------+------------! 
  !  5.3938+07 !   261.0000 !    66.0123 !     1.0000 ! 
  !  5.9332+07 !   261.0000 !    74.9739 !     1.0000 ! 
  ----------------------------------------------------- 
  
  BLOCK:  E100     MODEL: MHEATX           
  ------------------------------ 
  
    HOT SIDE:    INLET STREAM     OUTLET STREAM 
                 ------------     ------------- 
                 1                2        
  
    COLD SIDE:   INLET STREAM     OUTLET STREAM 
                 ------------     ------------- 
                 12               13       
  
    PROPERTIES FOR STREAM 1        
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
    PROPERTIES FOR STREAM 12       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            127057.         127057.         0.00000     
        MASS(LB/HR   )           0.250621E+07    0.250621E+07     0.00000     
        ENTHALPY(BTU/HR  )      -0.436439E+10   -0.436439E+10     0.00000     
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E            0.409576E+08  LB/HR            
     PRODUCT STREAMS CO2E         0.409576E+08  LB/HR            
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     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                           ***  INPUT DATA  *** 
  
  
    SPECIFICATIONS FOR STREAM 1       : 
    TWO    PHASE  TP  FLASH 
    SPECIFIED TEMPERATURE                F                        24.5239      
    PRESSURE DROP                        PSI                       7.00000     
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
  
    SPECIFICATIONS FOR STREAM 12      : 
    TWO    PHASE      FLASH 
    PRESSURE DROP                        PSI                       7.00000     
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
  
                           ***  RESULTS  *** 
  
   INLET                  OUTLET       OUTLET       OUTLET 
   STREAM    DUTY         TEMPERATURE  PRESSURE     VAPOR FRAC 
             BTU/HR       F            PSIA     
  
   1         -0.59332E+08     24.52      757.70         0.9555 
   12         0.59332E+08     74.97      261.00         1.0000 
  
  
            ------------------------------------------ 
            |                                        | 
   1        |                                        | 2        
  --------->|          65919.     LBMOL/HR           |---------> 
      80.00 |                                        |    24.52 
            |                                        | 
   13       |                                        | 12       
  <---------|          61138.     LBMOL/HR           |<--------- 
      74.97 |                                        |   -23.51 
            |                                        | 
            ------------------------------------------ 
  
  
  
                           ***  INTERNAL ANALYSIS  *** 
  
   FLOW IS COUNTERCURRENT. 
   DUTY                             0.59332E+08 BTU/HR       
   UA                               0.35386E+07 BTU/HR-R     
   AVERAGE LMTD (DUTY/UA)            16.767     F    
   MIN TEMP APPROACH                 5.0261     F    
   HOT-SIDE TEMP APPROACH            5.0261     F    
   COLD-SIDE TEMP APPROACH           48.035     F    
   HOT-SIDE NTU                      3.3086     
   COLD-SIDE NTU                     5.8736     
  
   TQ-TABLE(S) INTERPOLATED FOR AT LEAST ONE STREAM DURING INTERNAL ZONE ANALYSIS. 
  
   DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  
STREAM IN/OUT/DEW/  
                                                                                           POINT  
BUBBLE POINT  
   BTU/HR          F         F         F         F     BTU/HR-R    BTU/HR      BTU/HR-R    
  
    0.000         24.52    -23.51     48.03                                                                     
   0.5933E+06     25.00    -22.53     47.53     47.78  0.1242E+05  0.5933E+06  0.1242E+05                       
   0.1187E+07     25.47    -21.56     47.02     47.28  0.1255E+05  0.5933E+06  0.2497E+05                       
   0.1780E+07     25.94    -20.58     46.52     46.77  0.1269E+05  0.5933E+06  0.3765E+05                       
   0.2373E+07     26.42    -19.60     46.02     46.27  0.1282E+05  0.5933E+06  0.5048E+05                       
   0.2967E+07     26.90    -18.62     45.52     45.77  0.1296E+05  0.5933E+06  0.6344E+05                       
   0.3560E+07     27.38    -17.64     45.01     45.26  0.1311E+05  0.5933E+06  0.7655E+05                       
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   0.4153E+07     27.86    -16.66     44.51     44.76  0.1325E+05  0.5933E+06  0.8980E+05                       
   0.4747E+07     28.34    -15.68     44.01     44.26  0.1340E+05  0.5933E+06  0.1032E+06                       
   0.5340E+07     28.82    -14.70     43.51     43.76  0.1356E+05  0.5933E+06  0.1168E+06                       
   0.5933E+07     29.30    -13.71     43.02     43.26  0.1371E+05  0.5933E+06  0.1305E+06                       
   0.6527E+07     29.79    -12.73     42.52     42.77  0.1387E+05  0.5933E+06  0.1444E+06                       
   0.7120E+07     30.27    -11.75     42.02     42.27  0.1404E+05  0.5933E+06  0.1584E+06                       
   0.7713E+07     30.76    -10.77     41.53     41.77  0.1420E+05  0.5933E+06  0.1726E+06                       
   0.8307E+07     31.25     -9.79     41.03     41.28  0.1437E+05  0.5933E+06  0.1870E+06                       
   0.8900E+07     31.74     -8.80     40.54     40.78  0.1455E+05  0.5933E+06  0.2015E+06                       
   0.9493E+07     32.23     -7.82     40.04     40.29  0.1473E+05  0.5933E+06  0.2162E+06                       
   0.1009E+08     32.72     -6.84     39.55     39.80  0.1491E+05  0.5933E+06  0.2311E+06                       
   0.1068E+08     33.21     -5.85     39.06     39.31  0.1509E+05  0.5933E+06  0.2462E+06                       
   0.1127E+08     33.71     -4.87     38.57     38.82  0.1529E+05  0.5933E+06  0.2615E+06                       
   0.1187E+08     34.20     -3.88     38.08     38.33  0.1548E+05  0.5933E+06  0.2770E+06                       
   0.1246E+08     34.70     -2.90     37.59     37.84  0.1568E+05  0.5933E+06  0.2927E+06                       
   0.1305E+08     35.20     -1.91     37.11     37.35  0.1589E+05  0.5933E+06  0.3086E+06                       
   0.1365E+08     35.70     -0.93     36.62     36.86  0.1609E+05  0.5933E+06  0.3247E+06                       
   0.1424E+08     36.20      0.06     36.14     36.38  0.1631E+05  0.5933E+06  0.3410E+06                       
   0.1483E+08     36.70      1.04     35.65     35.89  0.1653E+05  0.5933E+06  0.3575E+06                       
   0.1543E+08     37.20      2.03     35.17     35.41  0.1676E+05  0.5933E+06  0.3743E+06                       
   0.1602E+08     37.71      3.02     34.69     34.93  0.1699E+05  0.5933E+06  0.3912E+06                       
   0.1661E+08     38.21      4.00     34.21     34.45  0.1722E+05  0.5933E+06  0.4085E+06                       
   0.1721E+08     38.72      4.99     33.73     33.97  0.1747E+05  0.5933E+06  0.4259E+06                       
   0.1780E+08     39.23      5.98     33.25     33.49  0.1772E+05  0.5933E+06  0.4437E+06                       
   0.1839E+08     39.74      6.96     32.77     33.01  0.1797E+05  0.5933E+06  0.4616E+06                       
   0.1899E+08     40.25      7.95     32.30     32.53  0.1824E+05  0.5933E+06  0.4799E+06                       
   0.1958E+08     40.76      8.94     31.82     32.06  0.1851E+05  0.5933E+06  0.4984E+06                       
   0.2017E+08     41.27      9.92     31.35     31.58  0.1879E+05  0.5933E+06  0.5172E+06                       
   0.2077E+08     41.79     10.91     30.87     31.11  0.1907E+05  0.5933E+06  0.5362E+06                       
   0.2136E+08     42.30     11.90     30.40     30.64  0.1937E+05  0.5933E+06  0.5556E+06                       
   0.2195E+08     42.82     12.89     29.93     30.17  0.1967E+05  0.5933E+06  0.5753E+06                       
   0.2255E+08     43.34     13.88     29.46     29.70  0.1998E+05  0.5933E+06  0.5952E+06                       
  
   DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  
STREAM IN/OUT/DEW/  
                                                                                           POINT  
BUBBLE POINT  
   BTU/HR          F         F         F         F     BTU/HR-R    BTU/HR      BTU/HR-R    
  
   0.2314E+08     43.86     14.86     28.99     29.23  0.2030E+05  0.5933E+06  0.6155E+06                       
   0.2373E+08     44.38     15.85     28.53     28.76  0.2063E+05  0.5933E+06  0.6362E+06                       
   0.2433E+08     44.90     16.84     28.06     28.29  0.2097E+05  0.5933E+06  0.6571E+06                       
   0.2492E+08     45.42     17.83     27.60     27.83  0.2132E+05  0.5933E+06  0.6785E+06                       
   0.2551E+08     45.95     18.81     27.13     27.36  0.2168E+05  0.5933E+06  0.7001E+06                       
   0.2611E+08     46.47     19.80     26.67     26.90  0.2206E+05  0.5933E+06  0.7222E+06                       
   0.2670E+08     47.00     20.79     26.21     26.44  0.2244E+05  0.5933E+06  0.7446E+06                       
   0.2729E+08     47.53     21.78     25.75     25.98  0.2284E+05  0.5933E+06  0.7675E+06                       
   0.2789E+08     48.06     22.77     25.29     25.52  0.2325E+05  0.5933E+06  0.7907E+06                       
   0.2848E+08     48.59     23.76     24.83     25.06  0.2368E+05  0.5933E+06  0.8144E+06                       
   0.2907E+08     49.12     24.74     24.37     24.60  0.2412E+05  0.5933E+06  0.8385E+06                       
   0.2967E+08     49.65     25.73     23.92     24.15  0.2457E+05  0.5933E+06  0.8631E+06                       
   0.3026E+08     50.18     26.72     23.46     23.69  0.2505E+05  0.5933E+06  0.8881E+06                       
   0.3085E+08     50.72     27.71     23.01     23.24  0.2553E+05  0.5933E+06  0.9137E+06                       
   0.3145E+08     51.25     28.70     22.56     22.78  0.2604E+05  0.5933E+06  0.9397E+06                       
   0.3204E+08     51.79     29.68     22.11     22.33  0.2657E+05  0.5933E+06  0.9663E+06                       
   0.3263E+08     52.33     30.67     21.66     21.88  0.2712E+05  0.5933E+06  0.9934E+06                       
   0.3323E+08     52.87     31.66     21.21     21.43  0.2769E+05  0.5933E+06  0.1021E+07                       
   0.3382E+08     53.41     32.65     20.76     20.98  0.2828E+05  0.5933E+06  0.1049E+07                       
   0.3441E+08     53.95     33.64     20.31     20.53  0.2889E+05  0.5933E+06  0.1078E+07                       
   0.3501E+08     54.49     34.62     19.87     20.09  0.2954E+05  0.5933E+06  0.1108E+07                       
   0.3560E+08     55.03     35.61     19.42     19.64  0.3020E+05  0.5933E+06  0.1138E+07                       
   0.3619E+08     55.58     36.60     18.98     19.20  0.3090E+05  0.5933E+06  0.1169E+07                       
   0.3679E+08     56.12     37.59     18.54     18.76  0.3163E+05  0.5933E+06  0.1201E+07                       
   0.3738E+08     56.67     38.57     18.09     18.31  0.3240E+05  0.5933E+06  0.1233E+07                       
   0.3797E+08     57.21     39.56     17.65     17.87  0.3320E+05  0.5933E+06  0.1266E+07                       
   0.3857E+08     57.76     40.55     17.21     17.43  0.3404E+05  0.5933E+06  0.1300E+07                       
   0.3916E+08     58.31     41.53     16.78     16.99  0.3491E+05  0.5933E+06  0.1335E+07                       
   0.3975E+08     58.86     42.52     16.34     16.56  0.3584E+05  0.5933E+06  0.1371E+07                       
   0.4035E+08     59.41     43.51     15.90     16.12  0.3681E+05  0.5933E+06  0.1408E+07                       
   0.4094E+08     59.96     44.50     15.47     15.68  0.3783E+05  0.5933E+06  0.1446E+07                       
   0.4153E+08     60.51     45.48     15.03     15.25  0.3891E+05  0.5933E+06  0.1484E+07                       
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   0.4213E+08     61.06     46.47     14.60     14.81  0.4006E+05  0.5933E+06  0.1525E+07                       
   0.4272E+08     61.62     47.45     14.16     14.38  0.4126E+05  0.5933E+06  0.1566E+07                       
   0.4331E+08     62.17     48.44     13.73     13.95  0.4254E+05  0.5933E+06  0.1608E+07                       
   0.4391E+08     62.73     49.43     13.30     13.52  0.4390E+05  0.5933E+06  0.1652E+07                       
   0.4450E+08     63.28     50.41     12.87     13.08  0.4534E+05  0.5933E+06  0.1698E+07                       
   0.4509E+08     63.84     51.40     12.44     12.66  0.4688E+05  0.5933E+06  0.1744E+07                       
   0.4569E+08     64.39     52.38     12.01     12.23  0.4853E+05  0.5933E+06  0.1793E+07                       
   0.4628E+08     64.95     53.37     11.59     11.80  0.5029E+05  0.5933E+06  0.1843E+07                       
   0.4687E+08     65.51     54.35     11.16     11.37  0.5218E+05  0.5933E+06  0.1895E+07                       
   0.4747E+08     66.07     55.34     10.73     10.94  0.5421E+05  0.5933E+06  0.1950E+07                       
   0.4787E+08     66.31     56.00     10.31     10.52  0.3824E+05  0.4022E+06  0.1988E+07  LOC    
DP  1         
   0.4806E+08     66.71     56.32     10.38     10.35  0.1847E+05  0.1911E+06  0.2006E+07                       
   0.4865E+08     67.40     57.30     10.09     10.24  0.5795E+05  0.5933E+06  0.2064E+07                       
   0.4925E+08     68.09     58.29      9.81      9.95  0.5963E+05  0.5933E+06  0.2124E+07                       
   0.4984E+08     68.79     59.27      9.52      9.66  0.6142E+05  0.5933E+06  0.2185E+07                       
   0.5043E+08     69.48     60.26      9.23      9.37  0.6330E+05  0.5933E+06  0.2249E+07                       
   0.5103E+08     70.18     61.24      8.94      9.09  0.6530E+05  0.5933E+06  0.2314E+07                       
   0.5162E+08     70.88     62.22      8.66      8.80  0.6743E+05  0.5933E+06  0.2381E+07                       
  
   DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  
STREAM IN/OUT/DEW/  
                                                                                           POINT  
BUBBLE POINT  
   BTU/HR          F         F         F         F     BTU/HR-R    BTU/HR      BTU/HR-R    
  
   0.5221E+08     71.58     63.20      8.37      8.51  0.6969E+05  0.5933E+06  0.2451E+07                       
   0.5281E+08     72.28     64.19      8.09      8.23  0.7209E+05  0.5933E+06  0.2523E+07                       
   0.5340E+08     72.97     65.17      7.81      7.95  0.7466E+05  0.5933E+06  0.2598E+07                       
   0.5399E+08     73.67     66.15      7.52      7.66  0.7741E+05  0.5933E+06  0.2675E+07                       
   0.5459E+08     74.37     67.13      7.24      7.38  0.8037E+05  0.5933E+06  0.2756E+07                       
   0.5518E+08     75.08     68.11      6.96      7.10  0.8354E+05  0.5933E+06  0.2839E+07                       
   0.5577E+08     75.78     69.09      6.68      6.82  0.8697E+05  0.5933E+06  0.2926E+07                       
   0.5637E+08     76.48     70.07      6.41      6.54  0.9068E+05  0.5933E+06  0.3017E+07                       
   0.5696E+08     77.18     71.06      6.13      6.27  0.9470E+05  0.5933E+06  0.3112E+07                       
   0.5755E+08     77.89     72.04      5.85      5.99  0.9908E+05  0.5933E+06  0.3211E+07                       
   0.5815E+08     78.59     73.02      5.57      5.71  0.1039E+06  0.5933E+06  0.3314E+07                       
   0.5874E+08     79.30     73.99      5.30      5.44  0.1091E+06  0.5933E+06  0.3424E+07                       
   0.5933E+08     80.00     74.97      5.03      5.16  0.1149E+06  0.5933E+06  0.3539E+07  GBL                  
  
  
  
   GBL = GLOBAL     LOC = LOCAL     DP  = DEW POINT     BP  = BUBBLE POINT 
  
  
                           ***  TQ-TABLES FOR HOT SIDE STREAMS *** 
  
  STREAM: 1        
  
    Q STREAM    TEMP        PRES        VFRAC      
  
    BTU/HR      F           PSIA       
  
    0.5933E+08   80.00       764.7       1.000     
    0.5810E+08   78.53       764.6       1.000     
    0.5686E+08   77.07       764.4       1.000     
    0.5562E+08   75.60       764.3       1.000     
    0.5439E+08   74.14       764.1       1.000     
    0.5315E+08   72.68       764.0       1.000     
    0.5192E+08   71.23       763.8       1.000     
    0.5068E+08   69.77       763.7       1.000     
    0.4944E+08   68.33       763.5       1.000     
    0.4821E+08   66.88       763.4       1.000     
    0.4772E+08   66.31       763.3       1.000     
    0.4697E+08   65.60       763.2      0.9995     
    0.4574E+08   64.44       763.1      0.9987     
    0.4450E+08   63.28       762.9      0.9979     
    0.4326E+08   62.13       762.8      0.9971     
    0.4203E+08   60.97       762.7      0.9962     
    0.4079E+08   59.82       762.5      0.9954     
    0.3955E+08   58.68       762.4      0.9945     
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    0.3832E+08   57.53       762.2      0.9936     
    0.3708E+08   56.39       762.1      0.9927     
    0.3585E+08   55.26       761.9      0.9918     
    0.3461E+08   54.13       761.8      0.9909     
    0.3337E+08   53.00       761.6      0.9899     
    0.3214E+08   51.88       761.5      0.9889     
    0.3090E+08   50.76       761.3      0.9879     
    0.2967E+08   49.65       761.2      0.9869     
    0.2843E+08   48.54       761.1      0.9859     
    0.2719E+08   47.44       760.9      0.9848     
    0.2596E+08   46.34       760.8      0.9838     
    0.2472E+08   45.25       760.6      0.9827     
    0.2349E+08   44.16       760.5      0.9815     
    0.2225E+08   43.08       760.3      0.9804     
    0.2101E+08   42.00       760.2      0.9792     
    0.1978E+08   40.93       760.0      0.9780     
    0.1854E+08   39.86       759.9      0.9768     
    0.1731E+08   38.80       759.7      0.9756     
    0.1607E+08   37.75       759.6      0.9743     
    0.1483E+08   36.70       759.4      0.9730     
    0.1360E+08   35.65       759.3      0.9717     
    0.1236E+08   34.61       759.2      0.9704     
    0.1112E+08   33.58       759.0      0.9690     
    0.9889E+07   32.55       758.9      0.9676     
    0.8653E+07   31.53       758.7      0.9662     
    0.7417E+07   30.51       758.6      0.9647     
    0.6180E+07   29.50       758.4      0.9633     
    0.4944E+07   28.50       758.3      0.9618     
    0.3708E+07   27.50       758.1      0.9602     
    0.2472E+07   26.50       758.0      0.9587     
    0.1236E+07   25.51       757.8      0.9571     
     0.000       24.52       757.7      0.9555     
  
  
                           ***  TQ-TABLES FOR COLD SIDE STREAMS *** 
  
  STREAM: 12       
  
    Q STREAM    TEMP        PRES        VFRAC      
  
    BTU/HR      F           PSIA       
  
     0.000      -23.51       268.0       1.000     
    0.1211E+07  -21.52       267.9       1.000     
    0.2422E+07  -19.52       267.7       1.000     
    0.3633E+07  -17.52       267.6       1.000     
    0.4843E+07  -15.52       267.4       1.000     
    0.6054E+07  -13.51       267.3       1.000     
    0.7265E+07  -11.51       267.1       1.000     
    0.8476E+07  -9.505       267.0       1.000     
    0.9687E+07  -7.498       266.9       1.000     
    0.1090E+08  -5.490       266.7       1.000     
    0.1211E+08  -3.480       266.6       1.000     
    0.1332E+08  -1.470       266.4       1.000     
    0.1453E+08  0.5416       266.3       1.000     
    0.1574E+08   2.554       266.1       1.000     
    0.1695E+08   4.567       266.0       1.000     
    0.1816E+08   6.581       265.9       1.000     
    0.1937E+08   8.595       265.7       1.000     
    0.2058E+08   10.61       265.6       1.000     
    0.2180E+08   12.63       265.4       1.000     
    0.2301E+08   14.64       265.3       1.000     
    0.2422E+08   16.66       265.1       1.000     
    0.2543E+08   18.67       265.0       1.000     
    0.2664E+08   20.69       264.9       1.000     
    0.2785E+08   22.71       264.7       1.000     
    0.2906E+08   24.72       264.6       1.000     
    0.3027E+08   26.74       264.4       1.000     
    0.3148E+08   28.76       264.3       1.000     
    0.3269E+08   30.77       264.1       1.000     
    0.3390E+08   32.79       264.0       1.000     
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    0.3511E+08   34.80       263.9       1.000     
    0.3633E+08   36.82       263.7       1.000     
    0.3754E+08   38.84       263.6       1.000     
    0.3875E+08   40.85       263.4       1.000     
    0.3996E+08   42.86       263.3       1.000     
    0.4117E+08   44.88       263.1       1.000     
    0.4238E+08   46.89       263.0       1.000     
    0.4359E+08   48.90       262.9       1.000     
    0.4480E+08   50.91       262.7       1.000     
    0.4601E+08   52.92       262.6       1.000     
    0.4722E+08   54.93       262.4       1.000     
    0.4843E+08   56.94       262.3       1.000     
    0.4965E+08   58.95       262.1       1.000     
    0.5086E+08   60.96       262.0       1.000     
    0.5207E+08   62.96       261.9       1.000     
    0.5328E+08   64.97       261.7       1.000     
    0.5449E+08   66.97       261.6       1.000     
    0.5570E+08   68.97       261.4       1.000     
    0.5691E+08   70.98       261.3       1.000     
    0.5812E+08   72.98       261.1       1.000     
    0.5933E+08   74.97       261.0       1.000     
  
  MHEATX HCURVE:      E100     HCURVE 1    
  ------------------------------------- 
    INDEPENDENT VARIABLE:  DUTY     
    STREAM:                1        
    PRESSURE PROFILE:      CONSTANT     
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
  ----------------------------------------------------- 
  !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
  !            !            !            !            ! 
  !            !            !            !            ! 
  !            !            !            !            ! 
  !  BTU/HR    !  PSIA      !  F         !            ! 
  !            !            !            !            ! 
  !============!============!============!============! 
  !     0.0    !   757.6959 !    79.4700 !     1.0000 ! 
  ! -5.3938+06 !   757.6959 !    73.1153 !     1.0000 ! 
  ! -1.0788+07 !   757.6959 !    66.8145 !     1.0000 ! 
  ! -1.1219+07 !   757.6959 !    66.3134 ! DEW>1.0000 ! 
  ! -1.6182+07 !   757.6959 !    61.6879 !     0.9968 ! 
  !------------+------------+------------+------------! 
  ! -2.1575+07 !   757.6959 !    56.7201 !     0.9930 ! 
  ! -2.6969+07 !   757.6959 !    51.8283 !     0.9889 ! 
  ! -3.2363+07 !   757.6959 !    47.0245 !     0.9845 ! 
  ! -3.7757+07 !   757.6959 !    42.3176 !     0.9796 ! 
  ! -4.3151+07 !   757.6959 !    37.7131 !     0.9743 ! 
  !------------+------------+------------+------------! 
  ! -4.8545+07 !   757.6959 !    33.2132 !     0.9686 ! 
  ! -5.3938+07 !   757.6959 !    28.8176 !     0.9623 ! 
  ! -5.9332+07 !   757.6959 !    24.5238 !     0.9555 ! 
  ----------------------------------------------------- 
  
  MHEATX HCURVE:      E100     HCURVE 2    
  ------------------------------------- 
    INDEPENDENT VARIABLE:  DUTY     
    STREAM:                12       
    PRESSURE PROFILE:      CONSTANT     
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
  ----------------------------------------------------- 
  !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
  !            !            !            !            ! 
  !            !            !            !            ! 
  !            !            !            !            ! 
  !  BTU/HR    !  PSIA      !  F         !            ! 
  !            !            !            !            ! 
  !============!============!============!============! 
  !     0.0    !   261.0000 !   -24.2902 !     1.0000 ! 
  !  5.3938+06 !   261.0000 !   -15.2882 !     1.0000 ! 
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  !  1.0788+07 !   261.0000 !    -6.2616 !     1.0000 ! 
  !  1.6182+07 !   261.0000 !     2.7815 !     1.0000 ! 
  !  2.1575+07 !   261.0000 !    11.8341 !     1.0000 ! 
  !------------+------------+------------+------------! 
  !  2.6969+07 !   261.0000 !    20.8894 !     1.0000 ! 
  !  3.2363+07 !   261.0000 !    29.9413 !     1.0000 ! 
  !  3.7757+07 !   261.0000 !    38.9844 !     1.0000 ! 
  !  4.3151+07 !   261.0000 !    48.0136 !     1.0000 ! 
  !  4.8545+07 !   261.0000 !    57.0243 !     1.0000 ! 
  !------------+------------+------------+------------! 
  !  5.3938+07 !   261.0000 !    66.0123 !     1.0000 ! 
  !  5.9332+07 !   261.0000 !    74.9739 !     1.0000 ! 
  ----------------------------------------------------- 
  
  BLOCK:  E101     MODEL: MHEATX           
  ------------------------------ 
  
    HOT SIDE:    INLET STREAM     OUTLET STREAM 
                 ------------     ------------- 
                 6                9        
  
    COLD SIDE:   INLET STREAM     OUTLET STREAM 
                 ------------     ------------- 
                 11               12       
  
    PROPERTIES FOR STREAM 6        
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
    PROPERTIES FOR STREAM 11       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            73735.0         73735.0         0.00000     
        MASS(LB/HR   )           0.138777E+07    0.138777E+07   -0.167773E-15 
        ENTHALPY(BTU/HR  )      -0.254430E+10   -0.254430E+10    0.374828E-15 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E            0.245054E+08  LB/HR            
     PRODUCT STREAMS CO2E         0.245054E+08  LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                           ***  INPUT DATA  *** 
  
  
    SPECIFICATIONS FOR STREAM 6       : 
    TWO    PHASE  TP  FLASH 
    SPECIFIED TEMPERATURE                F                       -58.2623      
    PRESSURE DROP                        PSI                       7.00000     
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
  
    SPECIFICATIONS FOR STREAM 11      : 
    TWO    PHASE      FLASH 
    PRESSURE DROP                        PSI                       7.00000     
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
  
                           ***  RESULTS  *** 
  
   INLET                  OUTLET       OUTLET       OUTLET 
   STREAM    DUTY         TEMPERATURE  PRESSURE     VAPOR FRAC 
             BTU/HR       F            PSIA     
  
   6         -0.24852E+08    -58.26      750.70         0.6622 
   11         0.24852E+08    -23.51      268.00         1.0000 
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            ------------------------------------------ 
            |                                        | 
   6        |                                        | 9        
  --------->|          12597.     LBMOL/HR           |---------> 
      24.52 |                                        |   -58.26 
            |                                        | 
   12       |                                        | 11       
  <---------|          61138.     LBMOL/HR           |<--------- 
     -23.51 |                                        |   -63.29 
            |                                        | 
            ------------------------------------------ 
  
  
  
                           ***  INTERNAL ANALYSIS  *** 
  
   FLOW IS COUNTERCURRENT. 
   DUTY                             0.24852E+08 BTU/HR       
   UA                               0.16535E+07 BTU/HR-R     
   AVERAGE LMTD (DUTY/UA)            15.030     F    
   MIN TEMP APPROACH                 5.0271     F    
   HOT-SIDE TEMP APPROACH            48.035     F    
   COLD-SIDE TEMP APPROACH           5.0271     F    
   HOT-SIDE NTU                      5.5080     
   COLD-SIDE NTU                     2.6466     
  
   TQ-TABLE(S) INTERPOLATED FOR AT LEAST ONE STREAM DURING INTERNAL ZONE ANALYSIS. 
  
   DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  
STREAM IN/OUT/DEW/  
                                                                                           POINT  
BUBBLE POINT  
   BTU/HR          F         F         F         F     BTU/HR-R    BTU/HR      BTU/HR-R    
  
    0.000        -58.26    -63.29      5.03                                                GBL                  
   0.2485E+06    -57.68    -62.90      5.22      5.12  0.4850E+05  0.2485E+06  0.4850E+05                       
   0.4970E+06    -57.09    -62.51      5.42      5.32  0.4671E+05  0.2485E+06  0.9521E+05                       
   0.7456E+06    -56.50    -62.12      5.62      5.52  0.4501E+05  0.2485E+06  0.1402E+06                       
   0.9941E+06    -55.90    -61.73      5.83      5.73  0.4340E+05  0.2485E+06  0.1836E+06                       
   0.1243E+07    -55.30    -61.34      6.04      5.94  0.4186E+05  0.2485E+06  0.2255E+06                       
   0.1491E+07    -54.69    -60.95      6.26      6.15  0.4040E+05  0.2485E+06  0.2659E+06                       
   0.1740E+07    -54.08    -60.56      6.48      6.37  0.3901E+05  0.2485E+06  0.3049E+06                       
   0.1988E+07    -53.47    -60.17      6.71      6.60  0.3768E+05  0.2485E+06  0.3426E+06                       
   0.2237E+07    -52.84    -59.78      6.94      6.82  0.3642E+05  0.2485E+06  0.3790E+06                       
   0.2485E+07    -52.22    -59.39      7.17      7.06  0.3522E+05  0.2485E+06  0.4142E+06                       
   0.2734E+07    -51.59    -59.00      7.42      7.29  0.3407E+05  0.2485E+06  0.4483E+06                       
   0.2982E+07    -50.95    -58.61      7.66      7.54  0.3298E+05  0.2485E+06  0.4812E+06                       
   0.3231E+07    -50.31    -58.22      7.91      7.78  0.3194E+05  0.2485E+06  0.5132E+06                       
   0.3479E+07    -49.67    -57.83      8.16      8.03  0.3094E+05  0.2485E+06  0.5441E+06                       
   0.3728E+07    -49.02    -57.44      8.42      8.29  0.2999E+05  0.2485E+06  0.5741E+06                       
   0.3976E+07    -48.37    -57.04      8.68      8.55  0.2908E+05  0.2485E+06  0.6032E+06                       
   0.4225E+07    -47.71    -56.65      8.94      8.81  0.2821E+05  0.2485E+06  0.6314E+06                       
   0.4473E+07    -47.05    -56.26      9.21      9.08  0.2738E+05  0.2485E+06  0.6588E+06                       
   0.4722E+07    -46.38    -55.87      9.49      9.35  0.2659E+05  0.2485E+06  0.6854E+06                       
   0.4970E+07    -45.71    -55.47      9.76      9.62  0.2582E+05  0.2485E+06  0.7112E+06                       
   0.5219E+07    -45.04    -55.08     10.05      9.90  0.2509E+05  0.2485E+06  0.7363E+06                       
   0.5467E+07    -44.36    -54.69     10.33     10.19  0.2439E+05  0.2485E+06  0.7607E+06                       
   0.5716E+07    -43.67    -54.29     10.62     10.48  0.2372E+05  0.2485E+06  0.7844E+06                       
   0.5965E+07    -42.99    -53.90     10.92     10.77  0.2308E+05  0.2485E+06  0.8075E+06                       
   0.6213E+07    -42.29    -53.51     11.21     11.06  0.2246E+05  0.2485E+06  0.8299E+06                       
   0.6462E+07    -41.60    -53.11     11.52     11.36  0.2187E+05  0.2485E+06  0.8518E+06                       
   0.6710E+07    -40.90    -52.72     11.82     11.67  0.2130E+05  0.2485E+06  0.8731E+06                       
   0.6959E+07    -40.19    -52.32     12.13     11.98  0.2075E+05  0.2485E+06  0.8939E+06                       
   0.7207E+07    -39.48    -51.93     12.45     12.29  0.2022E+05  0.2485E+06  0.9141E+06                       
   0.7456E+07    -38.77    -51.53     12.77     12.61  0.1972E+05  0.2485E+06  0.9338E+06                       
   0.7704E+07    -38.05    -51.14     13.09     12.93  0.1923E+05  0.2485E+06  0.9530E+06                       
   0.7953E+07    -37.33    -50.74     13.41     13.25  0.1876E+05  0.2485E+06  0.9718E+06                       
   0.8201E+07    -36.61    -50.35     13.74     13.58  0.1830E+05  0.2485E+06  0.9901E+06                       
   0.8450E+07    -35.88    -49.95     14.08     13.91  0.1787E+05  0.2485E+06  0.1008E+07                       
   0.8698E+07    -35.14    -49.56     14.42     14.25  0.1745E+05  0.2485E+06  0.1025E+07                       
   0.8947E+07    -34.40    -49.16     14.76     14.59  0.1704E+05  0.2485E+06  0.1042E+07                       
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   0.9195E+07    -33.66    -48.77     15.10     14.93  0.1665E+05  0.2485E+06  0.1059E+07                       
   0.9444E+07    -32.92    -48.37     15.45     15.28  0.1627E+05  0.2485E+06  0.1075E+07                       
  
   DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  
STREAM IN/OUT/DEW/  
                                                                                           POINT  
BUBBLE POINT  
   BTU/HR          F         F         F         F     BTU/HR-R    BTU/HR      BTU/HR-R    
  
   0.9692E+07    -32.17    -47.97     15.81     15.63  0.1590E+05  0.2485E+06  0.1091E+07                       
   0.9941E+07    -31.41    -47.58     16.17     15.99  0.1555E+05  0.2485E+06  0.1107E+07                       
   0.1019E+08    -30.65    -47.18     16.53     16.35  0.1520E+05  0.2485E+06  0.1122E+07                       
   0.1044E+08    -29.89    -46.78     16.90     16.71  0.1487E+05  0.2485E+06  0.1137E+07                       
   0.1069E+08    -29.12    -46.39     17.27     17.08  0.1455E+05  0.2485E+06  0.1151E+07                       
   0.1093E+08    -28.35    -45.99     17.64     17.45  0.1424E+05  0.2485E+06  0.1166E+07                       
   0.1118E+08    -27.57    -45.59     18.02     17.83  0.1394E+05  0.2485E+06  0.1180E+07                       
   0.1143E+08    -26.79    -45.19     18.41     18.21  0.1365E+05  0.2485E+06  0.1193E+07                       
   0.1168E+08    -26.01    -44.80     18.79     18.60  0.1336E+05  0.2485E+06  0.1207E+07                       
   0.1193E+08    -25.21    -44.40     19.19     18.99  0.1309E+05  0.2485E+06  0.1220E+07                       
   0.1218E+08    -24.42    -44.00     19.58     19.38  0.1282E+05  0.2485E+06  0.1233E+07                       
   0.1243E+08    -23.62    -43.60     19.98     19.78  0.1256E+05  0.2485E+06  0.1245E+07                       
   0.1267E+08    -22.82    -43.20     20.39     20.18  0.1231E+05  0.2485E+06  0.1257E+07                       
   0.1292E+08    -22.01    -42.81     20.80     20.59  0.1207E+05  0.2485E+06  0.1269E+07                       
   0.1317E+08    -21.20    -42.41     21.21     21.00  0.1183E+05  0.2485E+06  0.1281E+07                       
   0.1342E+08    -20.38    -42.01     21.63     21.42  0.1160E+05  0.2485E+06  0.1293E+07                       
   0.1367E+08    -19.56    -41.61     22.05     21.84  0.1138E+05  0.2485E+06  0.1304E+07                       
   0.1392E+08    -18.73    -41.21     22.48     22.27  0.1116E+05  0.2485E+06  0.1315E+07                       
   0.1417E+08    -17.90    -40.81     22.91     22.70  0.1095E+05  0.2485E+06  0.1326E+07                       
   0.1441E+08    -17.06    -40.41     23.35     23.13  0.1074E+05  0.2485E+06  0.1337E+07                       
   0.1466E+08    -16.22    -40.01     23.79     23.57  0.1054E+05  0.2485E+06  0.1348E+07                       
   0.1491E+08    -15.37    -39.61     24.24     24.02  0.1035E+05  0.2485E+06  0.1358E+07                       
   0.1516E+08    -14.52    -39.21     24.69     24.47  0.1016E+05  0.2485E+06  0.1368E+07                       
   0.1541E+08    -13.66    -38.81     25.15     24.92   9973.      0.2485E+06  0.1378E+07                       
   0.1566E+08    -12.80    -38.41     25.61     25.38   9792.      0.2485E+06  0.1388E+07                       
   0.1591E+08    -11.93    -38.01     26.08     25.85   9615.      0.2485E+06  0.1398E+07                       
   0.1615E+08    -11.06    -37.61     26.55     26.32   9444.      0.2485E+06  0.1407E+07                       
   0.1640E+08    -10.18    -37.21     27.03     26.79   9276.      0.2485E+06  0.1416E+07                       
   0.1665E+08     -9.29    -36.81     27.52     27.27   9112.      0.2485E+06  0.1425E+07                       
   0.1690E+08     -8.40    -36.41     28.01     27.76   8952.      0.2485E+06  0.1434E+07                       
   0.1715E+08     -7.50    -36.01     28.50     28.25   8796.      0.2485E+06  0.1443E+07                       
   0.1740E+08     -6.60    -35.61     29.00     28.75   8643.      0.2485E+06  0.1452E+07                       
   0.1764E+08     -5.69    -35.20     29.51     29.26   8494.      0.2485E+06  0.1460E+07                       
   0.1789E+08     -4.78    -34.80     30.03     29.77   8349.      0.2485E+06  0.1469E+07                       
   0.1814E+08     -3.85    -34.40     30.55     30.29   8206.      0.2485E+06  0.1477E+07                       
   0.1839E+08     -2.93    -34.00     31.07     30.81   8067.      0.2485E+06  0.1485E+07                       
   0.1864E+08     -1.99    -33.60     31.61     31.34   7930.      0.2485E+06  0.1493E+07                       
   0.1889E+08     -1.05    -33.20     32.15     31.88   7796.      0.2485E+06  0.1501E+07                       
   0.1914E+08     -0.10    -32.79     32.70     32.42   7666.      0.2485E+06  0.1508E+07                       
   0.1938E+08      0.86    -32.39     33.25     32.97   7537.      0.2485E+06  0.1516E+07                       
   0.1963E+08      1.82    -31.99     33.81     33.53   7412.      0.2485E+06  0.1523E+07                       
   0.1988E+08      2.80    -31.59     34.38     34.10   7289.      0.2485E+06  0.1531E+07                       
   0.2013E+08      3.78    -31.18     34.96     34.67   7168.      0.2485E+06  0.1538E+07                       
   0.2038E+08      4.77    -30.78     35.55     35.25   7049.      0.2485E+06  0.1545E+07                       
   0.2063E+08      5.77    -30.38     36.15     35.85   6933.      0.2485E+06  0.1552E+07                       
   0.2088E+08      6.77    -29.97     36.75     36.45   6819.      0.2485E+06  0.1559E+07                       
   0.2112E+08      7.79    -29.57     37.37     37.06   6706.      0.2485E+06  0.1565E+07                       
   0.2137E+08      8.82    -29.17     37.99     37.68   6596.      0.2485E+06  0.1572E+07                       
   0.2162E+08      9.86    -28.76     38.63     38.31   6488.      0.2485E+06  0.1578E+07                       
   0.2187E+08     10.91    -28.36     39.27     38.95   6381.      0.2485E+06  0.1585E+07                       
  
   DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  
STREAM IN/OUT/DEW/  
                                                                                           POINT  
BUBBLE POINT  
   BTU/HR          F         F         F         F     BTU/HR-R    BTU/HR      BTU/HR-R    
  
   0.2212E+08     11.97    -27.96     39.93     39.60   6276.      0.2485E+06  0.1591E+07                       
   0.2237E+08     13.04    -27.55     40.60     40.26   6173.      0.2485E+06  0.1597E+07                       
   0.2262E+08     14.13    -27.15     41.28     40.94   6071.      0.2485E+06  0.1603E+07                       
   0.2286E+08     15.23    -26.75     41.97     41.63   5970.      0.2485E+06  0.1609E+07                       
   0.2311E+08     16.34    -26.34     42.68     42.33   5871.      0.2485E+06  0.1615E+07                       
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   0.2336E+08     17.46    -25.94     43.40     43.04   5774.      0.2485E+06  0.1621E+07                       
   0.2361E+08     18.61    -25.53     44.14     43.77   5678.      0.2485E+06  0.1626E+07                       
   0.2386E+08     19.76    -25.13     44.89     44.51   5583.      0.2485E+06  0.1632E+07                       
   0.2411E+08     20.93    -24.72     45.66     45.27   5490.      0.2485E+06  0.1638E+07                       
   0.2436E+08     22.11    -24.32     46.43     46.04   5397.      0.2485E+06  0.1643E+07                       
   0.2460E+08     23.32    -23.92     47.23     46.83   5307.      0.2485E+06  0.1648E+07                       
   0.2480E+08     24.54    -23.41     47.95     47.59   4030.      0.1918E+06  0.1652E+07         
DP  6         
   0.2485E+08     24.52    -23.51     48.04     47.99   1182.      0.5674E+05  0.1653E+07                       
  
  
  
   GBL = GLOBAL     LOC = LOCAL     DP  = DEW POINT     BP  = BUBBLE POINT 
  
  
                           ***  TQ-TABLES FOR HOT SIDE STREAMS *** 
  
  STREAM: 6        
  
    Q STREAM    TEMP        PRES        VFRAC      
  
    BTU/HR      F           PSIA       
  
    0.2485E+08   24.52       757.7       1.000     
    0.2434E+08   22.06       757.6      0.9980     
    0.2384E+08   19.66       757.4      0.9958     
    0.2333E+08   17.32       757.3      0.9934     
    0.2282E+08   15.04       757.1      0.9906     
    0.2232E+08   12.82       757.0      0.9876     
    0.2181E+08   10.65       756.8      0.9844     
    0.2130E+08   8.523       756.7      0.9809     
    0.2079E+08   6.442       756.6      0.9772     
    0.2029E+08   4.401       756.4      0.9733     
    0.1978E+08   2.396       756.3      0.9692     
    0.1927E+08  0.4255       756.1      0.9649     
    0.1877E+08  -1.513       756.0      0.9604     
    0.1826E+08  -3.422       755.8      0.9557     
    0.1775E+08  -5.303       755.7      0.9509     
    0.1724E+08  -7.157       755.6      0.9459     
    0.1674E+08  -8.985       755.4      0.9407     
    0.1623E+08  -10.79       755.3      0.9353     
    0.1572E+08  -12.57       755.1      0.9297     
    0.1522E+08  -14.33       755.0      0.9240     
    0.1471E+08  -16.06       754.8      0.9181     
    0.1420E+08  -17.78       754.7      0.9121     
    0.1369E+08  -19.47       754.6      0.9059     
    0.1319E+08  -21.15       754.4      0.8995     
    0.1268E+08  -22.80       754.3      0.8929     
    0.1217E+08  -24.44       754.1      0.8861     
    0.1167E+08  -26.05       754.0      0.8792     
    0.1116E+08  -27.65       753.8      0.8721     
    0.1065E+08  -29.23       753.7      0.8648     
    0.1014E+08  -30.79       753.6      0.8574     
    0.9637E+07  -32.34       753.4      0.8497     
    0.9129E+07  -33.86       753.3      0.8419     
    0.8622E+07  -35.37       753.1      0.8339     
    0.8115E+07  -36.86       753.0      0.8256     
    0.7608E+07  -38.33       752.8      0.8172     
    0.7101E+07  -39.79       752.7      0.8086     
    0.6593E+07  -41.23       752.6      0.7997     
    0.6086E+07  -42.65       752.4      0.7907     
    0.5579E+07  -44.05       752.3      0.7814     
    0.5072E+07  -45.44       752.1      0.7719     
    0.4565E+07  -46.80       752.0      0.7621     
    0.4057E+07  -48.15       751.8      0.7521     
    0.3550E+07  -49.49       751.7      0.7419     
    0.3043E+07  -50.80       751.6      0.7314     
    0.2536E+07  -52.09       751.4      0.7206     
    0.2029E+07  -53.37       751.3      0.7095     
    0.1522E+07  -54.62       751.1      0.6981     
    0.1014E+07  -55.85       751.0      0.6865     
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    0.5072E+06  -57.07       750.8      0.6745     
     0.000      -58.26       750.7      0.6622     
  
  
                           ***  TQ-TABLES FOR COLD SIDE STREAMS *** 
  
  STREAM: 11       
  
    Q STREAM    TEMP        PRES        VFRAC      
  
    BTU/HR      F           PSIA       
  
     0.000      -63.29       275.0       1.000     
    0.5072E+06  -62.50       274.9       1.000     
    0.1014E+07  -61.70       274.7       1.000     
    0.1522E+07  -60.91       274.6       1.000     
    0.2029E+07  -60.11       274.4       1.000     
    0.2536E+07  -59.31       274.3       1.000     
    0.3043E+07  -58.51       274.1       1.000     
    0.3550E+07  -57.72       274.0       1.000     
    0.4057E+07  -56.92       273.9       1.000     
    0.4565E+07  -56.12       273.7       1.000     
    0.5072E+07  -55.31       273.6       1.000     
    0.5579E+07  -54.51       273.4       1.000     
    0.6086E+07  -53.71       273.3       1.000     
    0.6593E+07  -52.90       273.1       1.000     
    0.7101E+07  -52.10       273.0       1.000     
    0.7608E+07  -51.29       272.9       1.000     
    0.8115E+07  -50.49       272.7       1.000     
    0.8622E+07  -49.68       272.6       1.000     
    0.9129E+07  -48.87       272.4       1.000     
    0.9637E+07  -48.06       272.3       1.000     
    0.1014E+08  -47.25       272.1       1.000     
    0.1065E+08  -46.44       272.0       1.000     
    0.1116E+08  -45.63       271.9       1.000     
    0.1167E+08  -44.82       271.7       1.000     
    0.1217E+08  -44.01       271.6       1.000     
    0.1268E+08  -43.20       271.4       1.000     
    0.1319E+08  -42.38       271.3       1.000     
    0.1369E+08  -41.57       271.1       1.000     
    0.1420E+08  -40.75       271.0       1.000     
    0.1471E+08  -39.94       270.9       1.000     
    0.1522E+08  -39.12       270.7       1.000     
    0.1572E+08  -38.30       270.6       1.000     
    0.1623E+08  -37.49       270.4       1.000     
    0.1674E+08  -36.67       270.3       1.000     
    0.1724E+08  -35.85       270.1       1.000     
    0.1775E+08  -35.03       270.0       1.000     
    0.1826E+08  -34.21       269.9       1.000     
    0.1877E+08  -33.39       269.7       1.000     
    0.1927E+08  -32.57       269.6       1.000     
    0.1978E+08  -31.75       269.4       1.000     
    0.2029E+08  -30.93       269.3       1.000     
    0.2079E+08  -30.11       269.1       1.000     
    0.2130E+08  -29.28       269.0       1.000     
    0.2181E+08  -28.46       268.9       1.000     
    0.2232E+08  -27.64       268.7       1.000     
    0.2282E+08  -26.81       268.6       1.000     
    0.2333E+08  -25.99       268.4       1.000     
    0.2384E+08  -25.16       268.3       1.000     
    0.2434E+08  -24.34       268.1       1.000     
    0.2485E+08  -23.51       268.0       1.000     
  
  MHEATX HCURVE:      E101     HCURVE 1    
  ------------------------------------- 
    INDEPENDENT VARIABLE:  DUTY     
    STREAM:                6        
    PRESSURE PROFILE:      CONSTANT     
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
  ----------------------------------------------------- 
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  !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
  !            !            !            !            ! 
  !            !            !            !            ! 
  !            !            !            !            ! 
  !  BTU/HR    !  PSIA      !  F         !            ! 
  !            !            !            !            ! 
  !============!============!============!============! 
  !     0.0    !   750.6959 !    23.9946 !     0.9996 ! 
  ! -2.2593+06 !   750.6959 !    13.5556 !     0.9888 ! 
  ! -4.5186+06 !   750.6959 !     4.1687 !     0.9732 ! 
  ! -6.7778+06 !   750.6959 !    -4.4768 !     0.9535 ! 
  ! -9.0371+06 !   750.6959 !   -12.5702 !     0.9304 ! 
  !------------+------------+------------+------------! 
  ! -1.1296+07 !   750.6959 !   -20.2095 !     0.9038 ! 
  ! -1.3556+07 !   750.6959 !   -27.4501 !     0.8739 ! 
  ! -1.5815+07 !   750.6959 !   -34.3247 !     0.8404 ! 
  ! -1.8074+07 !   750.6959 !   -40.8493 !     0.8030 ! 
  ! -2.0334+07 !   750.6959 !   -47.0248 !     0.7613 ! 
  !------------+------------+------------+------------! 
  ! -2.2593+07 !   750.6959 !   -52.8376 !     0.7146 ! 
  ! -2.4852+07 !   750.6959 !   -58.2626 !     0.6622 ! 
  ----------------------------------------------------- 
  
  MHEATX HCURVE:      E101     HCURVE 2    
  ------------------------------------- 
    INDEPENDENT VARIABLE:  DUTY     
    STREAM:                11       
    PRESSURE PROFILE:      CONSTANT     
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
  ----------------------------------------------------- 
  !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
  !            !            !            !            ! 
  !            !            !            !            ! 
  !            !            !            !            ! 
  !  BTU/HR    !  PSIA      !  F         !            ! 
  !            !            !            !            ! 
  !============!============!============!============! 
  !     0.0    !   268.0000 !   -64.1954 !     0.9999 ! 
  !  8.8093+04 !   268.0000 !   -64.0907 ! DEW>1.0000 ! 
  !  2.2593+06 !   268.0000 !   -60.5894 !     1.0000 ! 
  !  4.5186+06 !   268.0000 !   -56.9318 !     1.0000 ! 
  !  6.7778+06 !   268.0000 !   -53.2606 !     1.0000 ! 
  !------------+------------+------------+------------! 
  !  9.0371+06 !   268.0000 !   -49.5768 !     1.0000 ! 
  !  1.1296+07 !   268.0000 !   -45.8813 !     1.0000 ! 
  !  1.3556+07 !   268.0000 !   -42.1751 !     1.0000 ! 
  !  1.5815+07 !   268.0000 !   -38.4589 !     1.0000 ! 
  !  1.8074+07 !   268.0000 !   -34.7336 !     1.0000 ! 
  !------------+------------+------------+------------! 
  !  2.0334+07 !   268.0000 !   -31.0000 !     1.0000 ! 
  !  2.2593+07 !   268.0000 !   -27.2589 !     1.0000 ! 
  !  2.4852+07 !   268.0000 !   -23.5109 !     1.0000 ! 
  ----------------------------------------------------- 
  
  BLOCK:  E101     MODEL: MHEATX           
  ------------------------------ 
  
    HOT SIDE:    INLET STREAM     OUTLET STREAM 
                 ------------     ------------- 
                 6                9        
  
    COLD SIDE:   INLET STREAM     OUTLET STREAM 
                 ------------     ------------- 
                 11               12       
  
    PROPERTIES FOR STREAM 6        
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
    PROPERTIES FOR STREAM 11       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
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                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            73735.0         73735.0         0.00000     
        MASS(LB/HR   )           0.138777E+07    0.138777E+07   -0.167773E-15 
        ENTHALPY(BTU/HR  )      -0.254430E+10   -0.254430E+10    0.374828E-15 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E            0.245054E+08  LB/HR            
     PRODUCT STREAMS CO2E         0.245054E+08  LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                           ***  INPUT DATA  *** 
  
  
    SPECIFICATIONS FOR STREAM 6       : 
    TWO    PHASE  TP  FLASH 
    SPECIFIED TEMPERATURE                F                       -58.2623      
    PRESSURE DROP                        PSI                       7.00000     
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
  
    SPECIFICATIONS FOR STREAM 11      : 
    TWO    PHASE      FLASH 
    PRESSURE DROP                        PSI                       7.00000     
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
  
                           ***  RESULTS  *** 
  
   INLET                  OUTLET       OUTLET       OUTLET 
   STREAM    DUTY         TEMPERATURE  PRESSURE     VAPOR FRAC 
             BTU/HR       F            PSIA     
  
   6         -0.24852E+08    -58.26      750.70         0.6622 
   11         0.24852E+08    -23.51      268.00         1.0000 
  
  
            ------------------------------------------ 
            |                                        | 
   6        |                                        | 9        
  --------->|          12597.     LBMOL/HR           |---------> 
      24.52 |                                        |   -58.26 
            |                                        | 
   12       |                                        | 11       
  <---------|          61138.     LBMOL/HR           |<--------- 
     -23.51 |                                        |   -63.29 
            |                                        | 
            ------------------------------------------ 
  
  
  
                           ***  INTERNAL ANALYSIS  *** 
  
   FLOW IS COUNTERCURRENT. 
   DUTY                             0.24852E+08 BTU/HR       
   UA                               0.16535E+07 BTU/HR-R     
   AVERAGE LMTD (DUTY/UA)            15.030     F    
   MIN TEMP APPROACH                 5.0271     F    
   HOT-SIDE TEMP APPROACH            48.035     F    
   COLD-SIDE TEMP APPROACH           5.0271     F    
   HOT-SIDE NTU                      5.5080     
   COLD-SIDE NTU                     2.6466     
  
   TQ-TABLE(S) INTERPOLATED FOR AT LEAST ONE STREAM DURING INTERNAL ZONE ANALYSIS. 
  
   DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  
STREAM IN/OUT/DEW/  
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                                                                                           POINT  
BUBBLE POINT  
   BTU/HR          F         F         F         F     BTU/HR-R    BTU/HR      BTU/HR-R    
  
    0.000        -58.26    -63.29      5.03                                                GBL                  
   0.2485E+06    -57.68    -62.90      5.22      5.12  0.4850E+05  0.2485E+06  0.4850E+05                       
   0.4970E+06    -57.09    -62.51      5.42      5.32  0.4671E+05  0.2485E+06  0.9521E+05                       
   0.7456E+06    -56.50    -62.12      5.62      5.52  0.4501E+05  0.2485E+06  0.1402E+06                       
   0.9941E+06    -55.90    -61.73      5.83      5.73  0.4340E+05  0.2485E+06  0.1836E+06                       
   0.1243E+07    -55.30    -61.34      6.04      5.94  0.4186E+05  0.2485E+06  0.2255E+06                       
   0.1491E+07    -54.69    -60.95      6.26      6.15  0.4040E+05  0.2485E+06  0.2659E+06                       
   0.1740E+07    -54.08    -60.56      6.48      6.37  0.3901E+05  0.2485E+06  0.3049E+06                       
   0.1988E+07    -53.47    -60.17      6.71      6.60  0.3768E+05  0.2485E+06  0.3426E+06                       
   0.2237E+07    -52.84    -59.78      6.94      6.82  0.3642E+05  0.2485E+06  0.3790E+06                       
   0.2485E+07    -52.22    -59.39      7.17      7.06  0.3522E+05  0.2485E+06  0.4142E+06                       
   0.2734E+07    -51.59    -59.00      7.42      7.29  0.3407E+05  0.2485E+06  0.4483E+06                       
   0.2982E+07    -50.95    -58.61      7.66      7.54  0.3298E+05  0.2485E+06  0.4812E+06                       
   0.3231E+07    -50.31    -58.22      7.91      7.78  0.3194E+05  0.2485E+06  0.5132E+06                       
   0.3479E+07    -49.67    -57.83      8.16      8.03  0.3094E+05  0.2485E+06  0.5441E+06                       
   0.3728E+07    -49.02    -57.44      8.42      8.29  0.2999E+05  0.2485E+06  0.5741E+06                       
   0.3976E+07    -48.37    -57.04      8.68      8.55  0.2908E+05  0.2485E+06  0.6032E+06                       
   0.4225E+07    -47.71    -56.65      8.94      8.81  0.2821E+05  0.2485E+06  0.6314E+06                       
   0.4473E+07    -47.05    -56.26      9.21      9.08  0.2738E+05  0.2485E+06  0.6588E+06                       
   0.4722E+07    -46.38    -55.87      9.49      9.35  0.2659E+05  0.2485E+06  0.6854E+06                       
   0.4970E+07    -45.71    -55.47      9.76      9.62  0.2582E+05  0.2485E+06  0.7112E+06                       
   0.5219E+07    -45.04    -55.08     10.05      9.90  0.2509E+05  0.2485E+06  0.7363E+06                       
   0.5467E+07    -44.36    -54.69     10.33     10.19  0.2439E+05  0.2485E+06  0.7607E+06                       
   0.5716E+07    -43.67    -54.29     10.62     10.48  0.2372E+05  0.2485E+06  0.7844E+06                       
   0.5965E+07    -42.99    -53.90     10.92     10.77  0.2308E+05  0.2485E+06  0.8075E+06                       
   0.6213E+07    -42.29    -53.51     11.21     11.06  0.2246E+05  0.2485E+06  0.8299E+06                       
   0.6462E+07    -41.60    -53.11     11.52     11.36  0.2187E+05  0.2485E+06  0.8518E+06                       
   0.6710E+07    -40.90    -52.72     11.82     11.67  0.2130E+05  0.2485E+06  0.8731E+06                       
   0.6959E+07    -40.19    -52.32     12.13     11.98  0.2075E+05  0.2485E+06  0.8939E+06                       
   0.7207E+07    -39.48    -51.93     12.45     12.29  0.2022E+05  0.2485E+06  0.9141E+06                       
   0.7456E+07    -38.77    -51.53     12.77     12.61  0.1972E+05  0.2485E+06  0.9338E+06                       
   0.7704E+07    -38.05    -51.14     13.09     12.93  0.1923E+05  0.2485E+06  0.9530E+06                       
   0.7953E+07    -37.33    -50.74     13.41     13.25  0.1876E+05  0.2485E+06  0.9718E+06                       
   0.8201E+07    -36.61    -50.35     13.74     13.58  0.1830E+05  0.2485E+06  0.9901E+06                       
   0.8450E+07    -35.88    -49.95     14.08     13.91  0.1787E+05  0.2485E+06  0.1008E+07                       
   0.8698E+07    -35.14    -49.56     14.42     14.25  0.1745E+05  0.2485E+06  0.1025E+07                       
   0.8947E+07    -34.40    -49.16     14.76     14.59  0.1704E+05  0.2485E+06  0.1042E+07                       
   0.9195E+07    -33.66    -48.77     15.10     14.93  0.1665E+05  0.2485E+06  0.1059E+07                       
   0.9444E+07    -32.92    -48.37     15.45     15.28  0.1627E+05  0.2485E+06  0.1075E+07                       
  
   DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  
STREAM IN/OUT/DEW/  
                                                                                           POINT  
BUBBLE POINT  
   BTU/HR          F         F         F         F     BTU/HR-R    BTU/HR      BTU/HR-R    
  
   0.9692E+07    -32.17    -47.97     15.81     15.63  0.1590E+05  0.2485E+06  0.1091E+07                       
   0.9941E+07    -31.41    -47.58     16.17     15.99  0.1555E+05  0.2485E+06  0.1107E+07                       
   0.1019E+08    -30.65    -47.18     16.53     16.35  0.1520E+05  0.2485E+06  0.1122E+07                       
   0.1044E+08    -29.89    -46.78     16.90     16.71  0.1487E+05  0.2485E+06  0.1137E+07                       
   0.1069E+08    -29.12    -46.39     17.27     17.08  0.1455E+05  0.2485E+06  0.1151E+07                       
   0.1093E+08    -28.35    -45.99     17.64     17.45  0.1424E+05  0.2485E+06  0.1166E+07                       
   0.1118E+08    -27.57    -45.59     18.02     17.83  0.1394E+05  0.2485E+06  0.1180E+07                       
   0.1143E+08    -26.79    -45.19     18.41     18.21  0.1365E+05  0.2485E+06  0.1193E+07                       
   0.1168E+08    -26.01    -44.80     18.79     18.60  0.1336E+05  0.2485E+06  0.1207E+07                       
   0.1193E+08    -25.21    -44.40     19.19     18.99  0.1309E+05  0.2485E+06  0.1220E+07                       
   0.1218E+08    -24.42    -44.00     19.58     19.38  0.1282E+05  0.2485E+06  0.1233E+07                       
   0.1243E+08    -23.62    -43.60     19.98     19.78  0.1256E+05  0.2485E+06  0.1245E+07                       
   0.1267E+08    -22.82    -43.20     20.39     20.18  0.1231E+05  0.2485E+06  0.1257E+07                       
   0.1292E+08    -22.01    -42.81     20.80     20.59  0.1207E+05  0.2485E+06  0.1269E+07                       
   0.1317E+08    -21.20    -42.41     21.21     21.00  0.1183E+05  0.2485E+06  0.1281E+07                       
   0.1342E+08    -20.38    -42.01     21.63     21.42  0.1160E+05  0.2485E+06  0.1293E+07                       
   0.1367E+08    -19.56    -41.61     22.05     21.84  0.1138E+05  0.2485E+06  0.1304E+07                       
   0.1392E+08    -18.73    -41.21     22.48     22.27  0.1116E+05  0.2485E+06  0.1315E+07                       
   0.1417E+08    -17.90    -40.81     22.91     22.70  0.1095E+05  0.2485E+06  0.1326E+07                       
   0.1441E+08    -17.06    -40.41     23.35     23.13  0.1074E+05  0.2485E+06  0.1337E+07                       
   0.1466E+08    -16.22    -40.01     23.79     23.57  0.1054E+05  0.2485E+06  0.1348E+07                       
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   0.1491E+08    -15.37    -39.61     24.24     24.02  0.1035E+05  0.2485E+06  0.1358E+07                       
   0.1516E+08    -14.52    -39.21     24.69     24.47  0.1016E+05  0.2485E+06  0.1368E+07                       
   0.1541E+08    -13.66    -38.81     25.15     24.92   9973.      0.2485E+06  0.1378E+07                       
   0.1566E+08    -12.80    -38.41     25.61     25.38   9792.      0.2485E+06  0.1388E+07                       
   0.1591E+08    -11.93    -38.01     26.08     25.85   9615.      0.2485E+06  0.1398E+07                       
   0.1615E+08    -11.06    -37.61     26.55     26.32   9444.      0.2485E+06  0.1407E+07                       
   0.1640E+08    -10.18    -37.21     27.03     26.79   9276.      0.2485E+06  0.1416E+07                       
   0.1665E+08     -9.29    -36.81     27.52     27.27   9112.      0.2485E+06  0.1425E+07                       
   0.1690E+08     -8.40    -36.41     28.01     27.76   8952.      0.2485E+06  0.1434E+07                       
   0.1715E+08     -7.50    -36.01     28.50     28.25   8796.      0.2485E+06  0.1443E+07                       
   0.1740E+08     -6.60    -35.61     29.00     28.75   8643.      0.2485E+06  0.1452E+07                       
   0.1764E+08     -5.69    -35.20     29.51     29.26   8494.      0.2485E+06  0.1460E+07                       
   0.1789E+08     -4.78    -34.80     30.03     29.77   8349.      0.2485E+06  0.1469E+07                       
   0.1814E+08     -3.85    -34.40     30.55     30.29   8206.      0.2485E+06  0.1477E+07                       
   0.1839E+08     -2.93    -34.00     31.07     30.81   8067.      0.2485E+06  0.1485E+07                       
   0.1864E+08     -1.99    -33.60     31.61     31.34   7930.      0.2485E+06  0.1493E+07                       
   0.1889E+08     -1.05    -33.20     32.15     31.88   7796.      0.2485E+06  0.1501E+07                       
   0.1914E+08     -0.10    -32.79     32.70     32.42   7666.      0.2485E+06  0.1508E+07                       
   0.1938E+08      0.86    -32.39     33.25     32.97   7537.      0.2485E+06  0.1516E+07                       
   0.1963E+08      1.82    -31.99     33.81     33.53   7412.      0.2485E+06  0.1523E+07                       
   0.1988E+08      2.80    -31.59     34.38     34.10   7289.      0.2485E+06  0.1531E+07                       
   0.2013E+08      3.78    -31.18     34.96     34.67   7168.      0.2485E+06  0.1538E+07                       
   0.2038E+08      4.77    -30.78     35.55     35.25   7049.      0.2485E+06  0.1545E+07                       
   0.2063E+08      5.77    -30.38     36.15     35.85   6933.      0.2485E+06  0.1552E+07                       
   0.2088E+08      6.77    -29.97     36.75     36.45   6819.      0.2485E+06  0.1559E+07                       
   0.2112E+08      7.79    -29.57     37.37     37.06   6706.      0.2485E+06  0.1565E+07                       
   0.2137E+08      8.82    -29.17     37.99     37.68   6596.      0.2485E+06  0.1572E+07                       
   0.2162E+08      9.86    -28.76     38.63     38.31   6488.      0.2485E+06  0.1578E+07                       
   0.2187E+08     10.91    -28.36     39.27     38.95   6381.      0.2485E+06  0.1585E+07                       
  
   DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  
STREAM IN/OUT/DEW/  
                                                                                           POINT  
BUBBLE POINT  
   BTU/HR          F         F         F         F     BTU/HR-R    BTU/HR      BTU/HR-R    
  
   0.2212E+08     11.97    -27.96     39.93     39.60   6276.      0.2485E+06  0.1591E+07                       
   0.2237E+08     13.04    -27.55     40.60     40.26   6173.      0.2485E+06  0.1597E+07                       
   0.2262E+08     14.13    -27.15     41.28     40.94   6071.      0.2485E+06  0.1603E+07                       
   0.2286E+08     15.23    -26.75     41.97     41.63   5970.      0.2485E+06  0.1609E+07                       
   0.2311E+08     16.34    -26.34     42.68     42.33   5871.      0.2485E+06  0.1615E+07                       
   0.2336E+08     17.46    -25.94     43.40     43.04   5774.      0.2485E+06  0.1621E+07                       
   0.2361E+08     18.61    -25.53     44.14     43.77   5678.      0.2485E+06  0.1626E+07                       
   0.2386E+08     19.76    -25.13     44.89     44.51   5583.      0.2485E+06  0.1632E+07                       
   0.2411E+08     20.93    -24.72     45.66     45.27   5490.      0.2485E+06  0.1638E+07                       
   0.2436E+08     22.11    -24.32     46.43     46.04   5397.      0.2485E+06  0.1643E+07                       
   0.2460E+08     23.32    -23.92     47.23     46.83   5307.      0.2485E+06  0.1648E+07                       
   0.2480E+08     24.54    -23.41     47.95     47.59   4030.      0.1918E+06  0.1652E+07         
DP  6         
   0.2485E+08     24.52    -23.51     48.04     47.99   1182.      0.5674E+05  0.1653E+07                       
  
  
  
   GBL = GLOBAL     LOC = LOCAL     DP  = DEW POINT     BP  = BUBBLE POINT 
  
  
                           ***  TQ-TABLES FOR HOT SIDE STREAMS *** 
  
  STREAM: 6        
  
    Q STREAM    TEMP        PRES        VFRAC      
  
    BTU/HR      F           PSIA       
  
    0.2485E+08   24.52       757.7       1.000     
    0.2434E+08   22.06       757.6      0.9980     
    0.2384E+08   19.66       757.4      0.9958     
    0.2333E+08   17.32       757.3      0.9934     
    0.2282E+08   15.04       757.1      0.9906     
    0.2232E+08   12.82       757.0      0.9876     
    0.2181E+08   10.65       756.8      0.9844     
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    0.2130E+08   8.523       756.7      0.9809     
    0.2079E+08   6.442       756.6      0.9772     
    0.2029E+08   4.401       756.4      0.9733     
    0.1978E+08   2.396       756.3      0.9692     
    0.1927E+08  0.4255       756.1      0.9649     
    0.1877E+08  -1.513       756.0      0.9604     
    0.1826E+08  -3.422       755.8      0.9557     
    0.1775E+08  -5.303       755.7      0.9509     
    0.1724E+08  -7.157       755.6      0.9459     
    0.1674E+08  -8.985       755.4      0.9407     
    0.1623E+08  -10.79       755.3      0.9353     
    0.1572E+08  -12.57       755.1      0.9297     
    0.1522E+08  -14.33       755.0      0.9240     
    0.1471E+08  -16.06       754.8      0.9181     
    0.1420E+08  -17.78       754.7      0.9121     
    0.1369E+08  -19.47       754.6      0.9059     
    0.1319E+08  -21.15       754.4      0.8995     
    0.1268E+08  -22.80       754.3      0.8929     
    0.1217E+08  -24.44       754.1      0.8861     
    0.1167E+08  -26.05       754.0      0.8792     
    0.1116E+08  -27.65       753.8      0.8721     
    0.1065E+08  -29.23       753.7      0.8648     
    0.1014E+08  -30.79       753.6      0.8574     
    0.9637E+07  -32.34       753.4      0.8497     
    0.9129E+07  -33.86       753.3      0.8419     
    0.8622E+07  -35.37       753.1      0.8339     
    0.8115E+07  -36.86       753.0      0.8256     
    0.7608E+07  -38.33       752.8      0.8172     
    0.7101E+07  -39.79       752.7      0.8086     
    0.6593E+07  -41.23       752.6      0.7997     
    0.6086E+07  -42.65       752.4      0.7907     
    0.5579E+07  -44.05       752.3      0.7814     
    0.5072E+07  -45.44       752.1      0.7719     
    0.4565E+07  -46.80       752.0      0.7621     
    0.4057E+07  -48.15       751.8      0.7521     
    0.3550E+07  -49.49       751.7      0.7419     
    0.3043E+07  -50.80       751.6      0.7314     
    0.2536E+07  -52.09       751.4      0.7206     
    0.2029E+07  -53.37       751.3      0.7095     
    0.1522E+07  -54.62       751.1      0.6981     
    0.1014E+07  -55.85       751.0      0.6865     
    0.5072E+06  -57.07       750.8      0.6745     
     0.000      -58.26       750.7      0.6622     
  
  
                           ***  TQ-TABLES FOR COLD SIDE STREAMS *** 
  
  STREAM: 11       
  
    Q STREAM    TEMP        PRES        VFRAC      
  
    BTU/HR      F           PSIA       
  
     0.000      -63.29       275.0       1.000     
    0.5072E+06  -62.50       274.9       1.000     
    0.1014E+07  -61.70       274.7       1.000     
    0.1522E+07  -60.91       274.6       1.000     
    0.2029E+07  -60.11       274.4       1.000     
    0.2536E+07  -59.31       274.3       1.000     
    0.3043E+07  -58.51       274.1       1.000     
    0.3550E+07  -57.72       274.0       1.000     
    0.4057E+07  -56.92       273.9       1.000     
    0.4565E+07  -56.12       273.7       1.000     
    0.5072E+07  -55.31       273.6       1.000     
    0.5579E+07  -54.51       273.4       1.000     
    0.6086E+07  -53.71       273.3       1.000     
    0.6593E+07  -52.90       273.1       1.000     
    0.7101E+07  -52.10       273.0       1.000     
    0.7608E+07  -51.29       272.9       1.000     
    0.8115E+07  -50.49       272.7       1.000     
    0.8622E+07  -49.68       272.6       1.000     
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    0.9129E+07  -48.87       272.4       1.000     
    0.9637E+07  -48.06       272.3       1.000     
    0.1014E+08  -47.25       272.1       1.000     
    0.1065E+08  -46.44       272.0       1.000     
    0.1116E+08  -45.63       271.9       1.000     
    0.1167E+08  -44.82       271.7       1.000     
    0.1217E+08  -44.01       271.6       1.000     
    0.1268E+08  -43.20       271.4       1.000     
    0.1319E+08  -42.38       271.3       1.000     
    0.1369E+08  -41.57       271.1       1.000     
    0.1420E+08  -40.75       271.0       1.000     
    0.1471E+08  -39.94       270.9       1.000     
    0.1522E+08  -39.12       270.7       1.000     
    0.1572E+08  -38.30       270.6       1.000     
    0.1623E+08  -37.49       270.4       1.000     
    0.1674E+08  -36.67       270.3       1.000     
    0.1724E+08  -35.85       270.1       1.000     
    0.1775E+08  -35.03       270.0       1.000     
    0.1826E+08  -34.21       269.9       1.000     
    0.1877E+08  -33.39       269.7       1.000     
    0.1927E+08  -32.57       269.6       1.000     
    0.1978E+08  -31.75       269.4       1.000     
    0.2029E+08  -30.93       269.3       1.000     
    0.2079E+08  -30.11       269.1       1.000     
    0.2130E+08  -29.28       269.0       1.000     
    0.2181E+08  -28.46       268.9       1.000     
    0.2232E+08  -27.64       268.7       1.000     
    0.2282E+08  -26.81       268.6       1.000     
    0.2333E+08  -25.99       268.4       1.000     
    0.2384E+08  -25.16       268.3       1.000     
    0.2434E+08  -24.34       268.1       1.000     
    0.2485E+08  -23.51       268.0       1.000     
  
  MHEATX HCURVE:      E101     HCURVE 1    
  ------------------------------------- 
    INDEPENDENT VARIABLE:  DUTY     
    STREAM:                6        
    PRESSURE PROFILE:      CONSTANT     
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
  ----------------------------------------------------- 
  !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
  !            !            !            !            ! 
  !            !            !            !            ! 
  !            !            !            !            ! 
  !  BTU/HR    !  PSIA      !  F         !            ! 
  !            !            !            !            ! 
  !============!============!============!============! 
  !     0.0    !   750.6959 !    23.9946 !     0.9996 ! 
  ! -2.2593+06 !   750.6959 !    13.5556 !     0.9888 ! 
  ! -4.5186+06 !   750.6959 !     4.1687 !     0.9732 ! 
  ! -6.7778+06 !   750.6959 !    -4.4768 !     0.9535 ! 
  ! -9.0371+06 !   750.6959 !   -12.5702 !     0.9304 ! 
  !------------+------------+------------+------------! 
  ! -1.1296+07 !   750.6959 !   -20.2095 !     0.9038 ! 
  ! -1.3556+07 !   750.6959 !   -27.4501 !     0.8739 ! 
  ! -1.5815+07 !   750.6959 !   -34.3247 !     0.8404 ! 
  ! -1.8074+07 !   750.6959 !   -40.8493 !     0.8030 ! 
  ! -2.0334+07 !   750.6959 !   -47.0248 !     0.7613 ! 
  !------------+------------+------------+------------! 
  ! -2.2593+07 !   750.6959 !   -52.8376 !     0.7146 ! 
  ! -2.4852+07 !   750.6959 !   -58.2626 !     0.6622 ! 
  ----------------------------------------------------- 
  
  MHEATX HCURVE:      E101     HCURVE 2    
  ------------------------------------- 
    INDEPENDENT VARIABLE:  DUTY     
    STREAM:                11       
    PRESSURE PROFILE:      CONSTANT     
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
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  ----------------------------------------------------- 
  !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
  !            !            !            !            ! 
  !            !            !            !            ! 
  !            !            !            !            ! 
  !  BTU/HR    !  PSIA      !  F         !            ! 
  !            !            !            !            ! 
  !============!============!============!============! 
  !     0.0    !   268.0000 !   -64.1954 !     0.9999 ! 
  !  8.8093+04 !   268.0000 !   -64.0907 ! DEW>1.0000 ! 
  !  2.2593+06 !   268.0000 !   -60.5894 !     1.0000 ! 
  !  4.5186+06 !   268.0000 !   -56.9318 !     1.0000 ! 
  !  6.7778+06 !   268.0000 !   -53.2606 !     1.0000 ! 
  !------------+------------+------------+------------! 
  !  9.0371+06 !   268.0000 !   -49.5768 !     1.0000 ! 
  !  1.1296+07 !   268.0000 !   -45.8813 !     1.0000 ! 
  !  1.3556+07 !   268.0000 !   -42.1751 !     1.0000 ! 
  !  1.5815+07 !   268.0000 !   -38.4589 !     1.0000 ! 
  !  1.8074+07 !   268.0000 !   -34.7336 !     1.0000 ! 
  !------------+------------+------------+------------! 
  !  2.0334+07 !   268.0000 !   -31.0000 !     1.0000 ! 
  !  2.2593+07 !   268.0000 !   -27.2589 !     1.0000 ! 
  !  2.4852+07 !   268.0000 !   -23.5109 !     1.0000 ! 
  ----------------------------------------------------- 
  
  BLOCK:  E111     MODEL: MHEATX           
  ------------------------------ 
  
    HOT SIDE:    INLET STREAM     OUTLET STREAM 
                 ------------     ------------- 
                 25               26       
  
    COLD SIDE:   INLET STREAM     OUTLET STREAM 
                 ------------     ------------- 
                 27               28       
  
    PROPERTIES FOR STREAM 25       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
    PROPERTIES FOR STREAM 27       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            10066.3         10066.3         0.00000     
        MASS(LB/HR   )            457459.         457459.         0.00000     
        ENTHALPY(BTU/HR  )      -0.527577E+09   -0.527577E+09     0.00000     
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E             171.302      LB/HR            
     PRODUCT STREAMS CO2E          171.302      LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                           ***  INPUT DATA  *** 
  
  
    SPECIFICATIONS FOR STREAM 25      : 
    TWO    PHASE  TP  FLASH 
    SPECIFIED TEMPERATURE                F                        85.6000      
    PRESSURE DROP                        PSI                       0.0         
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
  
    SPECIFICATIONS FOR STREAM 27      : 
    TWO    PHASE      FLASH 
    PRESSURE DROP                        PSI                       0.0         
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
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                           ***  RESULTS  *** 
  
   INLET                  OUTLET       OUTLET       OUTLET 
   STREAM    DUTY         TEMPERATURE  PRESSURE     VAPOR FRAC 
             BTU/HR       F            PSIA     
  
   25        -0.72541E+07     85.60      205.40         0.0000 
   27         0.72541E+07     87.80      276.50         0.1249 
  
  
            ------------------------------------------ 
            |                                        | 
   25       |                                        | 26       
  --------->|          653.05     LBMOL/HR           |---------> 
     310.11 |                                        |    85.60 
            |                                        | 
   28       |                                        | 27       
  <---------|          9413.2     LBMOL/HR           |<--------- 
      87.80 |                                        |    80.57 
            |                                        | 
            ------------------------------------------ 
  
  
  
  BLOCK:  E111     MODEL: MHEATX           
  ------------------------------ 
  
    HOT SIDE:    INLET STREAM     OUTLET STREAM 
                 ------------     ------------- 
                 25               26       
  
    COLD SIDE:   INLET STREAM     OUTLET STREAM 
                 ------------     ------------- 
                 27               28       
  
    PROPERTIES FOR STREAM 25       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
    PROPERTIES FOR STREAM 27       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            10066.3         10066.3         0.00000     
        MASS(LB/HR   )            457459.         457459.         0.00000     
        ENTHALPY(BTU/HR  )      -0.527577E+09   -0.527577E+09     0.00000     
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E             171.302      LB/HR            
     PRODUCT STREAMS CO2E          171.302      LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                           ***  INPUT DATA  *** 
  
  
    SPECIFICATIONS FOR STREAM 25      : 
    TWO    PHASE  TP  FLASH 
    SPECIFIED TEMPERATURE                F                        85.6000      
    PRESSURE DROP                        PSI                       0.0         
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
  
    SPECIFICATIONS FOR STREAM 27      : 
    TWO    PHASE      FLASH 
    PRESSURE DROP                        PSI                       0.0         
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
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                           ***  RESULTS  *** 
  
   INLET                  OUTLET       OUTLET       OUTLET 
   STREAM    DUTY         TEMPERATURE  PRESSURE     VAPOR FRAC 
             BTU/HR       F            PSIA     
  
   25        -0.72541E+07     85.60      205.40         0.0000 
   27         0.72541E+07     87.80      276.50         0.1249 
  
  
            ------------------------------------------ 
            |                                        | 
   25       |                                        | 26       
  --------->|          653.05     LBMOL/HR           |---------> 
     310.11 |                                        |    85.60 
            |                                        | 
   28       |                                        | 27       
  <---------|          9413.2     LBMOL/HR           |<--------- 
      87.80 |                                        |    80.57 
            |                                        | 
            ------------------------------------------ 
  
  
  
  BLOCK:  E112     MODEL: MHEATX           
  ------------------------------ 
  
    HOT SIDE:    INLET STREAM     OUTLET STREAM 
                 ------------     ------------- 
                 24               30       
  
    COLD SIDE:   INLET STREAM     OUTLET STREAM 
                 ------------     ------------- 
                 28               29       
  
    PROPERTIES FOR STREAM 24       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
    PROPERTIES FOR STREAM 28       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            10621.4         10621.4         0.00000     
        MASS(LB/HR   )            476961.         476961.         0.00000     
        ENTHALPY(BTU/HR  )      -0.549809E+09   -0.549809E+09    0.216820E-15 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E             171.302      LB/HR            
     PRODUCT STREAMS CO2E          171.302      LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                           ***  INPUT DATA  *** 
  
  
    SPECIFICATIONS FOR STREAM 24      : 
    TWO    PHASE  TP  FLASH 
    SPECIFIED TEMPERATURE                F                        92.8000      
    PRESSURE DROP                        PSI                       0.0         
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
  
    SPECIFICATIONS FOR STREAM 28      : 
    TWO    PHASE      FLASH 
    PRESSURE DROP                        PSI                       0.0         
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
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                           ***  RESULTS  *** 
  
   INLET                  OUTLET       OUTLET       OUTLET 
   STREAM    DUTY         TEMPERATURE  PRESSURE     VAPOR FRAC 
             BTU/HR       F            PSIA     
  
   24        -0.44415E+07     92.80      200.00         0.0000 
   28         0.44415E+07     92.46      276.50         0.1988 
  
  
            ------------------------------------------ 
            |                                        | 
   24       |                                        | 30       
  --------->|          1208.2     LBMOL/HR           |---------> 
     189.11 |                                        |    92.80 
            |                                        | 
   29       |                                        | 28       
  <---------|          9413.2     LBMOL/HR           |<--------- 
      92.46 |                                        |    87.80 
            |                                        | 
            ------------------------------------------ 
  
  
  
  BLOCK:  E112     MODEL: MHEATX           
  ------------------------------ 
  
    HOT SIDE:    INLET STREAM     OUTLET STREAM 
                 ------------     ------------- 
                 24               30       
  
    COLD SIDE:   INLET STREAM     OUTLET STREAM 
                 ------------     ------------- 
                 28               29       
  
    PROPERTIES FOR STREAM 24       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
    PROPERTIES FOR STREAM 28       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            10621.4         10621.4         0.00000     
        MASS(LB/HR   )            476961.         476961.         0.00000     
        ENTHALPY(BTU/HR  )      -0.549809E+09   -0.549809E+09    0.216820E-15 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E             171.302      LB/HR            
     PRODUCT STREAMS CO2E          171.302      LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                           ***  INPUT DATA  *** 
  
  
    SPECIFICATIONS FOR STREAM 24      : 
    TWO    PHASE  TP  FLASH 
    SPECIFIED TEMPERATURE                F                        92.8000      
    PRESSURE DROP                        PSI                       0.0         
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
  
    SPECIFICATIONS FOR STREAM 28      : 
    TWO    PHASE      FLASH 
    PRESSURE DROP                        PSI                       0.0         
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
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                           ***  RESULTS  *** 
  
   INLET                  OUTLET       OUTLET       OUTLET 
   STREAM    DUTY         TEMPERATURE  PRESSURE     VAPOR FRAC 
             BTU/HR       F            PSIA     
  
   24        -0.44415E+07     92.80      200.00         0.0000 
   28         0.44415E+07     92.46      276.50         0.1988 
  
  
            ------------------------------------------ 
            |                                        | 
   24       |                                        | 30       
  --------->|          1208.2     LBMOL/HR           |---------> 
     189.11 |                                        |    92.80 
            |                                        | 
   29       |                                        | 28       
  <---------|          9413.2     LBMOL/HR           |<--------- 
      92.46 |                                        |    87.80 
            |                                        | 
            ------------------------------------------ 
  
  
  
  BLOCK:  B1       MODEL: FSPLIT           
  ------------------------------ 
    INLET STREAM:          3        
    OUTLET STREAMS:        7           6        
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            62984.7         62984.7        0.115519E-15 
        MASS(LB/HR   )           0.125243E+07    0.125243E+07    0.185903E-15 
        ENTHALPY(BTU/HR  )      -0.219313E+10   -0.219313E+10     0.00000     
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E            0.201332E+08  LB/HR            
     PRODUCT STREAMS CO2E         0.201332E+08  LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                           ***  INPUT DATA  *** 
  
   FRACTION OF FLOW                 STRM=7        FRAC=         0.80000     
  
                            ***  RESULTS  *** 
  
   STREAM= 7              SPLIT=          0.80000     KEY=  0    STREAM-ORDER=   1 
           6                              0.20000           0                    2 
  
  BLOCK:  B3       MODEL: MIXER            
  ----------------------------- 
    INLET STREAMS:         10V         10L      
    OUTLET STREAM:         10       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            12596.9         12596.9         0.00000     
        MASS(LB/HR   )            250486.         250486.        0.348568E-15 
        ENTHALPY(BTU/HR  )      -0.463478E+09   -0.463478E+09   -0.385809E-15 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E            0.402663E+07  LB/HR            
     PRODUCT STREAMS CO2E         0.402663E+07  LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
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     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                           ***  INPUT DATA  *** 
    TWO    PHASE      FLASH 
    MAXIMUM NO. ITERATIONS                                   30 
    CONVERGENCE TOLERANCE                                     0.000100000 
    OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
  
  BLOCK:  B4       MODEL: MIXER            
  ----------------------------- 
    INLET STREAMS:         5V          5L       
    OUTLET STREAM:         5        
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            2934.26         2934.26         0.00000     
        MASS(LB/HR   )            116495.         116495.         0.00000     
        ENTHALPY(BTU/HR  )      -0.149764E+09   -0.149764E+09    0.397991E-15 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E             345645.      LB/HR            
     PRODUCT STREAMS CO2E          345645.      LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                           ***  INPUT DATA  *** 
    TWO    PHASE      FLASH 
    MAXIMUM NO. ITERATIONS                                   30 
    CONVERGENCE TOLERANCE                                     0.000100000 
    OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
  
  BLOCK:  C-100    MODEL: COMPR            
  ----------------------------- 
    INLET STREAM:          13       
    OUTLET STREAM:         14       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            61138.1         61138.1         0.00000     
        MASS(LB/HR   )           0.113729E+07    0.113729E+07     0.00000     
        ENTHALPY(BTU/HR  )      -0.202149E+10   -0.199163E+10   -0.147695E-01 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E            0.204788E+08  LB/HR            
     PRODUCT STREAMS CO2E         0.204788E+08  LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                            ***  INPUT DATA  *** 
  
    ISENTROPIC CENTRIFUGAL COMPRESSOR 
     POWER SUPPLIED  HP                                  11,734.0         
     ISENTROPIC EFFICIENCY                                    0.86000     
     MECHANICAL EFFICIENCY                                    1.00000     
  
                            ***  RESULTS  *** 
  
     INDICATED  HORSEPOWER REQUIREMENT  HP               11,734.0         
     BRAKE      HORSEPOWER REQUIREMENT  HP               11,734.0         
     NET WORK REQUIRED                  HP               11,734.0         
     POWER LOSSES                       HP                    0.0         
     ISENTROPIC HORSEPOWER REQUIREMENT  HP               10,091.2         
     CALCULATED OUTLET PRES  PSIA                           389.750       
     CALCULATED OUTLET TEMP  F                              131.713       
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     ISENTROPIC TEMPERATURE  F                              125.121       
     EFFICIENCY (POLYTR/ISENTR) USED                          0.86000     
     OUTLET VAPOR FRACTION                                    1.00000     
     HEAD DEVELOPED,       FT-LBF/LB                     17,568.7         
     MECHANICAL EFFICIENCY USED                               1.00000     
     INLET HEAT CAPACITY RATIO                                1.34307     
     INLET VOLUMETRIC FLOW RATE , CUFT/HR             1,270,390.          
     OUTLET VOLUMETRIC FLOW RATE, CUFT/HR               938,518.          
     INLET  COMPRESSIBILITY FACTOR                            0.94525     
     OUTLET COMPRESSIBILITY FACTOR                            0.94274     
     AV. ISENT. VOL. EXPONENT                                 1.26719     
     AV. ISENT. TEMP EXPONENT                                 1.28797     
     AV. ACTUAL VOL. EXPONENT                                 1.32435     
     AV. ACTUAL TEMP EXPONENT                                 1.33607     
  
  BLOCK:  C-101    MODEL: COMPR            
  ----------------------------- 
    INLET STREAM:          15       
    OUTLET STREAM:         16       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            61138.1         61138.1         0.00000     
        MASS(LB/HR   )           0.113729E+07    0.113729E+07     0.00000     
        ENTHALPY(BTU/HR  )      -0.201144E+10   -0.192317E+10   -0.438829E-01 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E            0.204788E+08  LB/HR            
     PRODUCT STREAMS CO2E         0.204788E+08  LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                            ***  INPUT DATA  *** 
  
    ISENTROPIC CENTRIFUGAL COMPRESSOR 
     OUTLET PRESSURE  PSIA                                1,119.70        
     ISENTROPIC EFFICIENCY                                    0.86000     
     MECHANICAL EFFICIENCY                                    1.00000     
  
                            ***  RESULTS  *** 
  
     INDICATED  HORSEPOWER REQUIREMENT  HP               34,690.5         
     BRAKE      HORSEPOWER REQUIREMENT  HP               34,690.5         
     NET WORK REQUIRED                  HP               34,690.5         
     POWER LOSSES                       HP                    0.0         
     ISENTROPIC HORSEPOWER REQUIREMENT  HP               29,833.8         
     CALCULATED OUTLET TEMP  F                              262.371       
     ISENTROPIC TEMPERATURE  F                              245.558       
     EFFICIENCY (POLYTR/ISENTR) USED                          0.86000     
     OUTLET VAPOR FRACTION                                    1.00000     
     HEAD DEVELOPED,       FT-LBF/LB                     51,940.1         
     MECHANICAL EFFICIENCY USED                               1.00000     
     INLET HEAT CAPACITY RATIO                                1.35964     
     INLET VOLUMETRIC FLOW RATE , CUFT/HR               888,999.          
     OUTLET VOLUMETRIC FLOW RATE, CUFT/HR               396,227.          
     INLET  COMPRESSIBILITY FACTOR                            0.93149     
     OUTLET COMPRESSIBILITY FACTOR                            0.93651     
     AV. ISENT. VOL. EXPONENT                                 1.27277     
     AV. ISENT. TEMP EXPONENT                                 1.27618     
     AV. ACTUAL VOL. EXPONENT                                 1.32188     
     AV. ACTUAL TEMP EXPONENT                                 1.31314     
  
  BLOCK:  E-102    MODEL: HEATER           
  ------------------------------ 
    INLET STREAM:          14       
    OUTLET STREAM:         15       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
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                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            61138.1         61138.1         0.00000     
        MASS(LB/HR   )           0.113729E+07    0.113729E+07     0.00000     
        ENTHALPY(BTU/HR  )      -0.199163E+10   -0.201144E+10    0.984502E-02 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E            0.204788E+08  LB/HR            
     PRODUCT STREAMS CO2E         0.204788E+08  LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                           ***  INPUT DATA  *** 
    TWO    PHASE  TP  FLASH 
    SPECIFIED TEMPERATURE                F                       100.0000      
    PRESSURE DROP                        PSI                       5.00000     
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
  
  
  
                            ***  RESULTS  *** 
    OUTLET TEMPERATURE    F                                    100.00     
    OUTLET PRESSURE       PSIA                                 384.75     
    HEAT DUTY             BTU/HR                             -0.19803E+08 
    OUTLET VAPOR FRACTION                                      1.0000     
  
  
  
    V-L PHASE EQUILIBRIUM :  
  
       COMP              F(I)           X(I)           Y(I)           K(I)       
       C1               0.83517        0.75003        0.83517         3.9235     
       C2               0.14848        0.21507        0.14848         2.4326     
       C3               0.15120E-01    0.31358E-01    0.15120E-01     1.6990     
       NC4              0.44338E-03    0.13271E-02    0.44338E-03     1.1772     
       IC4              0.74836E-03    0.20574E-02    0.74836E-03     1.2817     
       NC5              0.20464E-04    0.86711E-04    0.20464E-04    0.83157     
       IC5              0.15338E-04    0.63305E-04    0.15338E-04    0.85372     
       C6               0.12994E-05    0.77655E-05    0.12994E-05    0.58957     
       BENZENE          0.30387E-07    0.15271E-06    0.30387E-07    0.70115     
  
  BLOCK:  E-103    MODEL: HEATER           
  ------------------------------ 
    INLET STREAM:          16       
    OUTLET STREAM:         17       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            61138.1         61138.1         0.00000     
        MASS(LB/HR   )           0.113729E+07    0.113729E+07     0.00000     
        ENTHALPY(BTU/HR  )      -0.192317E+10   -0.204188E+10    0.581370E-01 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E            0.204788E+08  LB/HR            
     PRODUCT STREAMS CO2E         0.204788E+08  LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                           ***  INPUT DATA  *** 
    TWO    PHASE  TP  FLASH 
    SPECIFIED TEMPERATURE                F                       100.0000      
    PRESSURE DROP                        PSI                       5.00000     
    MAXIMUM NO. ITERATIONS                                        30 
    CONVERGENCE TOLERANCE                                          0.000100000 
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                            ***  RESULTS  *** 
    OUTLET TEMPERATURE    F                                    100.00     
    OUTLET PRESSURE       PSIA                                 1114.7     
    HEAT DUTY             BTU/HR                             -0.11871E+09 
    OUTLET VAPOR FRACTION                                      1.0000     
  
  
  
    V-L PHASE EQUILIBRIUM :  
  
       COMP              F(I)           X(I)           Y(I)           K(I)       
       C1               0.83517        0.79617        0.83517         1.5422     
       C2               0.14848        0.17994        0.14848         1.2132     
       C3               0.15120E-01    0.21821E-01    0.15120E-01     1.0188     
       NC4              0.44338E-03    0.76525E-03    0.44338E-03    0.85183     
       IC4              0.74836E-03    0.12343E-02    0.74836E-03    0.89142     
       NC5              0.20464E-04    0.41736E-04    0.20464E-04    0.72088     
       IC5              0.15338E-04    0.30953E-04    0.15338E-04    0.72854     
       C6               0.12994E-05    0.31196E-05    0.12994E-05    0.61236     
       BENZENE          0.30387E-07    0.68890E-07    0.30387E-07    0.64851     
  
  BLOCK:  EXP      MODEL: COMPR            
  ----------------------------- 
    INLET STREAM:          7        
    OUTLET STREAM:         8        
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            50387.7         50387.7         0.00000     
        MASS(LB/HR   )           0.100194E+07    0.100194E+07   -0.348568E-15 
        ENTHALPY(BTU/HR  )      -0.175451E+10   -0.178439E+10    0.167488E-01 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E            0.161065E+08  LB/HR            
     PRODUCT STREAMS CO2E         0.161065E+08  LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                            ***  INPUT DATA  *** 
  
    ISENTROPIC TURBINE 
     OUTLET PRESSURE  PSIA                                  275.000       
     ISENTROPIC EFFICIENCY                                    0.86000     
     MECHANICAL EFFICIENCY                                    1.00000     
  
                            ***  RESULTS  *** 
  
     INDICATED  HORSEPOWER REQUIREMENT  HP              -11,745.8         
     BRAKE      HORSEPOWER REQUIREMENT  HP              -11,745.8         
     NET WORK REQUIRED                  HP              -11,745.8         
     POWER LOSSES                       HP                    0.0         
     ISENTROPIC HORSEPOWER REQUIREMENT  HP              -13,657.9         
     CALCULATED OUTLET TEMP  F                              -50.6362      
     ISENTROPIC TEMPERATURE  F                              -55.1839      
     EFFICIENCY (POLYTR/ISENTR) USED                          0.86000     
     OUTLET VAPOR FRACTION                                    0.94030     
     HEAD DEVELOPED,       FT-LBF/LB                    -26,990.2         
     MECHANICAL EFFICIENCY USED                               1.00000     
     INLET HEAT CAPACITY RATIO                                1.76896     
     INLET VOLUMETRIC FLOW RATE , CUFT/HR               257,846.          
     OUTLET VOLUMETRIC FLOW RATE, CUFT/HR               656,048.          
     INLET  COMPRESSIBILITY FACTOR                            0.74620     
     OUTLET COMPRESSIBILITY FACTOR                            0.81569     
     AV. ISENT. VOL. EXPONENT                                 1.11365     
     AV. ISENT. TEMP EXPONENT                                 1.21576     
     AV. ACTUAL VOL. EXPONENT                                 1.08528     
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     AV. ACTUAL TEMP EXPONENT                                 1.19967     
  
  BLOCK:  JT1      MODEL: FLASH2           
  ------------------------------ 
    INLET STREAM:          9        
    OUTLET VAPOR STREAM:   10V      
    OUTLET LIQUID STREAM:  10L      
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            12596.9         12596.9        0.144399E-15 
        MASS(LB/HR   )            250486.         250486.       -0.232379E-15 
        ENTHALPY(BTU/HR  )      -0.463478E+09   -0.463478E+09   -0.240670E-06 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E            0.402663E+07  LB/HR            
     PRODUCT STREAMS CO2E         0.402663E+07  LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                           ***  INPUT DATA  *** 
    TWO    PHASE  PQ  FLASH 
    SPECIFIED PRESSURE    PSIA                              275.000       
    SPECIFIED HEAT DUTY   BTU/HR                              0.0         
    MAXIMUM NO. ITERATIONS                                   30 
    CONVERGENCE TOLERANCE                                     0.000100000 
  
                            ***  RESULTS  *** 
    OUTLET TEMPERATURE    F                                   -106.47     
    OUTLET PRESSURE       PSIA                                 275.00     
    VAPOR FRACTION                                            0.75995     
  
  
  
    V-L PHASE EQUILIBRIUM :  
  
       COMP              F(I)           X(I)           Y(I)           K(I)       
       C1               0.79700        0.36999        0.93188         2.5188     
       C2               0.15272        0.42979        0.65195E-01    0.15170     
       C3               0.33682E-01    0.13173        0.27104E-02    0.20578E-01 
       NC4              0.63830E-02    0.26345E-01    0.77351E-04    0.29364E-02 
       IC4              0.69485E-02    0.28536E-01    0.12957E-03    0.45412E-02 
       NC5              0.16175E-02    0.67281E-02    0.31781E-05    0.47244E-03 
       IC5              0.90511E-03    0.37628E-02    0.24324E-05    0.64655E-03 
       C6               0.73736E-03    0.30712E-02    0.16944E-06    0.55181E-04 
       BENZENE          0.10044E-04    0.41828E-04    0.45929E-08    0.10982E-03 
  
  BLOCK:  JT2      MODEL: FLASH2           
  ------------------------------ 
    INLET STREAM:          4        
    OUTLET VAPOR STREAM:   5V       
    OUTLET LIQUID STREAM:  5L       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            2934.26         2934.26       -0.154978E-15 
        MASS(LB/HR   )            116495.         116495.         0.00000     
        ENTHALPY(BTU/HR  )      -0.149764E+09   -0.149764E+09    0.366503E-06 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E             345645.      LB/HR            
     PRODUCT STREAMS CO2E          345645.      LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
 165 
                           ***  INPUT DATA  *** 
    TWO    PHASE  PQ  FLASH 
    SPECIFIED PRESSURE    PSIA                              275.000       
    SPECIFIED HEAT DUTY   BTU/HR                              0.0         
    MAXIMUM NO. ITERATIONS                                   30 
    CONVERGENCE TOLERANCE                                     0.000100000 
  
                            ***  RESULTS  *** 
    OUTLET TEMPERATURE    F                                   -5.1471     
    OUTLET PRESSURE       PSIA                                 275.00     
    VAPOR FRACTION                                            0.28495     
  
  
  
    V-L PHASE EQUILIBRIUM :  
  
       COMP              F(I)           X(I)           Y(I)           K(I)       
       C1               0.29371        0.11606        0.73951         6.3720     
       C2               0.25042        0.26635        0.21044        0.79011     
       C3               0.15365        0.19990        0.37591E-01    0.18806     
       NC4              0.82150E-01    0.11292        0.49365E-02    0.43720E-01 
       IC4              0.70011E-01    0.95565E-01    0.58829E-02    0.61563E-01 
       NC5              0.52945E-01    0.73699E-01    0.86346E-03    0.11717E-01 
       IC5              0.24404E-01    0.33919E-01    0.52802E-03    0.15569E-01 
       C6               0.71837E-01    0.10036        0.25273E-03    0.25185E-02 
       BENZENE          0.88021E-03    0.12294E-02    0.38415E-05    0.31250E-02 
  
  BLOCK:  P-100    MODEL: PUMP             
  ---------------------------- 
    INLET STREAM:          18       
    OUTLET STREAM:         19       
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            4780.63         4780.63         0.00000     
        MASS(LB/HR   )            231631.         231631.         0.00000     
        ENTHALPY(BTU/HR  )      -0.261469E+09   -0.260970E+09   -0.190652E-02 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E             19.9724      LB/HR            
     PRODUCT STREAMS CO2E          19.9724      LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                           ***  INPUT DATA  *** 
     OUTLET PRESSURE  PSIA                                 550.000       
     DRIVER EFFICIENCY                                       1.00000     
  
     FLASH SPECIFICATIONS: 
     LIQUID PHASE CALCULATION 
     NO FLASH PERFORMED 
     MAXIMUM NUMBER OF ITERATIONS                            30 
     TOLERANCE                                               0.000100000 
  
                            ***  RESULTS  *** 
     VOLUMETRIC FLOW RATE  CUFT/HR                       7,548.70        
     PRESSURE CHANGE  PSI                                  273.350       
     NPSH AVAILABLE   FT-LBF/LB                              0.0         
     FLUID POWER  HP                                       150.068       
     BRAKE POWER  HP                                       195.916       
     ELECTRICITY  KW                                       146.095       
     PUMP EFFICIENCY USED                                    0.76598     
     NET WORK REQUIRED  HP                                 195.916       
     HEAD DEVELOPED FT-LBF/LB                            1,282.79        
  
  BLOCK:  T-100    MODEL: RADFRAC          
  ------------------------------- 
     INLETS   - 10       STAGE   1 
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                5        STAGE   6 
                8        STAGE   3 
                29       STAGE  12 
     OUTLETS  - 11       STAGE   1 
                18       STAGE  12 
                27       STAGE  11 
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            75332.2         75332.0        0.261883E-05 
        MASS(LB/HR   )           0.177579E+07    0.177578E+07    0.319771E-05 
        ENTHALPY(BTU/HR  )      -0.286973E+10   -0.285093E+10   -0.654990E-02 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E            0.204790E+08  LB/HR            
     PRODUCT STREAMS CO2E         0.204790E+08  LB/HR            
     NET STREAMS CO2E PRODUCTION -0.149613E-01  LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION       -0.149613E-01  LB/HR            
  
  
  
                          ********************** 
                          ****  INPUT DATA  **** 
                          ********************** 
  
    ****   INPUT PARAMETERS   **** 
  
     NUMBER OF STAGES                                        12 
     ALGORITHM OPTION                                      SUM-RATES    
     INITIALIZATION OPTION                                 STANDARD     
     HYDRAULIC PARAMETER CALCULATIONS                      NO       
     INSIDE LOOP CONVERGENCE METHOD                        NEWTON   
     DESIGN SPECIFICATION METHOD                           SIMULT   
     MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
     MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
     MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
     FLASH TOLERANCE                                          0.000100000 
     OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
  
    ****   COL-SPECS   **** 
  
     MOLAR VAPOR DIST / TOTAL DIST                            1.00000     
     MOLAR BOILUP RATIO                                       0.96900     
     CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                    0.0         
  
    ****    PROFILES   **** 
  
     P-SPEC          STAGE   1  PRES, PSIA                  275.000       
  
                           ******************* 
                           ****  RESULTS  **** 
                           ******************* 
  
  
    ***   COMPONENT SPLIT FRACTIONS   *** 
  
                              OUTLET STREAMS  
                              -------------- 
                   11           18           27       
     COMPONENT: 
     C1          .99999       .97526E-06   .83648E-05 
     C2          .63365       .89020E-01   .27733     
     C3          .16453       .29329       .54219     
     NC4         .18444E-01   .41911       .56244     
     IC4         .30732E-01   .40122       .56805     
     NC5         .22644E-02   .46328       .53445     
     IC5         .33616E-02   .45770       .53894     
     C6          .15015E-03   .48604       .51381     
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     BENZENE     .27973E-03   .48385       .51587     
  
   
    ***    SUMMARY OF KEY RESULTS    *** 
  
     TOP STAGE TEMPERATURE          F                       -63.2894      
     BOTTOM STAGE TEMPERATURE       F                       113.703       
     TOP STAGE LIQUID FLOW          LBMOL/HR              2,524.12        
     BOTTOM STAGE LIQUID FLOW       LBMOL/HR              4,780.63        
     TOP STAGE VAPOR FLOW           LBMOL/HR             61,138.1         
     BOILUP VAPOR FLOW              LBMOL/HR              4,632.43        
     MOLAR BOILUP RATIO                                       0.96900     
     CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                    0.0         
     REBOILER DUTY                  BTU/HR                    0.187873+08 
  
    ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
  
     DEW POINT                       0.73767E-07  STAGE=  5 
     BUBBLE POINT                    0.37795E-07  STAGE=  5 
     COMPONENT MASS BALANCE          0.87347E-04  STAGE= 12 COMP=C1       
     ENERGY BALANCE                  0.64561E-04  STAGE= 12 
  
  
    ****    PROFILES   **** 
  
    **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
             FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
  
                                           ENTHALPY 
  STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
        F             PSIA           LIQUID       VAPOR        BTU/HR   
  
    1  -63.289        275.00       -47743.      -34441.                 
    2  -50.650        275.15       -49322.      -34519.                 
    3  -1.7523        275.30       -49480.      -35746.                 
    4   20.620        275.45       -48929.      -36722.                 
    5   29.495        275.60       -48871.      -37149.                 
    6   47.532        275.75       -49986.      -37886.                 
    7   56.392        275.90       -49683.      -38436.                 
    8   59.762        276.05       -49645.      -38639.                 
    9   62.481        276.20       -49784.      -38780.                 
   10   67.717        276.35       -50220.      -39033.                 
   11   80.572        276.50       -51395.      -39678.                 
   12   113.70        276.65       -54693.      -41410.       .18787+08 
  
  STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
             LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
        LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
    1  2524.     0.6114E+05  3023.9139 9573.0207                      .61138+05 
    2  2163.     0.5107E+05            .47378+05                                
    3  5831.      3326.      3009.2472                                          
    4  6248.      3984.                                                         
    5  6341.      4401.                 834.7945                                
    6  9368.      3659.      2099.4697                                          
    7  9710.      4587.                                                         
    8  9807.      4929.                                                         
    9  9799.      5026.                                                         
   10  9701.      5018.                                                         
   11  9413.      4920.                                     9413.2491           
   12  4781.      4632.      7543.5108 1869.7382            4780.6256           
  
     ****  MASS FLOW PROFILES  **** 
  
  STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
             LB/HR                      LB/HR                    LB/HR    
        LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
    1 0.8532E+05 0.1137E+07  .87340+05 .16315+06                      .11373+07 
    2 0.7787E+05 0.9721E+06            .88684+06                                
    3 0.2209E+06 0.7783E+05  .11510+06                                          
    4 0.2378E+06 0.1057E+06                                                     
    5 0.2429E+06 0.1226E+06            .17194+05                                
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    6 0.3780E+06 0.1106E+06  .99301+05                                          
    7 0.3919E+06 0.1464E+06                                                     
    8 0.3967E+06 0.1602E+06                                                     
    9 0.3989E+06 0.1650E+06                                                     
   10 0.4016E+06 0.1673E+06                                                     
   11 0.4069E+06 0.1700E+06                                 .40686+06           
   12 0.2316E+06 0.1752E+06  .34015+06 .66711+05            .23163+06           
  
                          ****   MOLE-X-PROFILE     **** 
    STAGE     C1            C2            C3            NC4           IC4      
       1    0.21309       0.43191       0.25147       0.39606E-01   0.46993E-01 
       2    0.18524       0.38297       0.28243       0.58733E-01   0.68370E-01 
       3    0.96149E-01   0.47079       0.25681       0.68212E-01   0.72516E-01 
       4    0.58840E-01   0.52140       0.25225       0.64889E-01   0.69254E-01 
       5    0.45103E-01   0.53316       0.25211       0.65741E-01   0.69939E-01 
       6    0.21972E-01   0.53390       0.23136       0.71551E-01   0.70853E-01 
       7    0.67858E-02   0.55537       0.23068       0.69782E-01   0.69262E-01 
       8    0.20170E-02   0.55688       0.23477       0.69568E-01   0.69181E-01 
       9    0.58895E-03   0.54388       0.24676       0.70489E-01   0.70389E-01 
      10    0.16806E-03   0.50679       0.27474       0.74099E-01   0.74826E-01 
      11    0.45374E-04   0.42208       0.32363       0.87815E-01   0.89843E-01 
      12    0.10417E-04   0.26678       0.34470       0.12885       0.12495     
  
                          ****   MOLE-X-PROFILE     **** 
    STAGE     NC5           IC5           C6            BENZENE  
       1    0.84044E-02   0.47775E-02   0.36994E-02   0.50505E-04 
       2    0.11204E-01   0.65522E-02   0.44436E-02   0.61381E-04 
       3    0.17584E-01   0.98401E-02   0.79875E-02   0.10890E-03 
       4    0.16531E-01   0.92636E-02   0.74696E-02   0.10193E-03 
       5    0.16831E-01   0.94264E-02   0.75824E-02   0.10404E-03 
       6    0.28177E-01   0.14142E-01   0.27700E-01   0.34728E-03 
       7    0.27306E-01   0.13715E-01   0.26764E-01   0.33570E-03 
       8    0.27111E-01   0.13623E-01   0.26524E-01   0.33277E-03 
       9    0.27260E-01   0.13708E-01   0.26586E-01   0.33363E-03 
      10    0.27956E-01   0.14096E-01   0.26983E-01   0.33882E-03 
      11    0.31371E-01   0.15971E-01   0.28879E-01   0.36397E-03 
      12    0.53546E-01   0.26708E-01   0.53791E-01   0.67220E-03 
  
                          ****   MOLE-Y-PROFILE     **** 
    STAGE     C1            C2            C3            NC4           IC4      
       1    0.83517       0.14848       0.15120E-01   0.44338E-03   0.74836E-03 
       2    0.81383       0.16145       0.22224E-01   0.91395E-03   0.15047E-02 
       3    0.54741       0.39036       0.52942E-01   0.36692E-02   0.51212E-02 
       4    0.35701       0.55327       0.75380E-01   0.57225E-02   0.77599E-02 
       5    0.27931       0.61729       0.86110E-01   0.69306E-02   0.92703E-02 
       6    0.14490       0.72811       0.10114       0.10328E-01   0.12747E-01 
       7    0.44860E-01   0.81226       0.11325       0.11842E-01   0.14481E-01 
       8    0.13357E-01   0.83523       0.12012       0.12502E-01   0.15261E-01 
       9    0.39255E-02   0.83278       0.13021       0.13189E-01   0.16144E-01 
      10    0.11401E-02   0.80784       0.15347       0.14898E-01   0.18418E-01 
      11    0.32124E-03   0.73999       0.20678       0.20904E-01   0.26126E-01 
      12    0.81443E-04   0.58233       0.30190       0.45473E-01   0.53618E-01 
  
                          ****   MOLE-Y-PROFILE     **** 
    STAGE     NC5           IC5           C6            BENZENE  
       1    0.20464E-04   0.15338E-04   0.12994E-05   0.30387E-07 
       2    0.40913E-04   0.31237E-04   0.25208E-05   0.55067E-07 
       3    0.27836E-03   0.19530E-03   0.26904E-04   0.54337E-06 
       4    0.47649E-03   0.32733E-03   0.52450E-04   0.10421E-05 
       5    0.60363E-03   0.41100E-03   0.69763E-04   0.13764E-05 
       6    0.14675E-02   0.89010E-03   0.41045E-03   0.70171E-05 
       7    0.17409E-02   0.10471E-02   0.51033E-03   0.86719E-05 
       8    0.18589E-02   0.11146E-02   0.55356E-03   0.93671E-05 
       9    0.19706E-02   0.11787E-02   0.59153E-03   0.99391E-05 
      10    0.22212E-02   0.13245E-02   0.67237E-03   0.11111E-04 
      11    0.30927E-02   0.18421E-02   0.93580E-03   0.14896E-04 
      12    0.84891E-02   0.48924E-02   0.31724E-02   0.45897E-04 
  
                          ****   K-VALUES           **** 
    STAGE     C1            C2            C3            NC4           IC4      
       1     3.9194       0.34378       0.60128E-01   0.11195E-01   0.15925E-01 
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       2     4.3935       0.42157       0.78689E-01   0.15561E-01   0.22008E-01 
       3     5.6933       0.82915       0.20615       0.53791E-01   0.70621E-01 
       4     6.0676        1.0611       0.29883       0.88190E-01   0.11205     
       5     6.1928        1.1578       0.34156       0.10542       0.13255     
       6     6.5948        1.3637       0.43718       0.14434       0.17991     
       7     6.6108        1.4626       0.49092       0.16971       0.20908     
       8     6.6223        1.4998       0.51165       0.17970       0.22059     
       9     6.6652        1.5312       0.52769       0.18711       0.22935     
      10     6.7838        1.5940       0.55861       0.20106       0.24614     
      11     7.0799        1.7532       0.63893       0.23804       0.29080     
      12     7.8186        2.1829       0.87582       0.35292       0.42913     
  
                          ****   K-VALUES           **** 
    STAGE     NC5           IC5           C6            BENZENE  
       1    0.24350E-02   0.32106E-02   0.35123E-03   0.60166E-03 
       2    0.36516E-02   0.47675E-02   0.56729E-03   0.89715E-03 
       3    0.15831E-01   0.19848E-01   0.33682E-02   0.49899E-02 
       4    0.28825E-01   0.35335E-01   0.70218E-02   0.10224E-01 
       5    0.35864E-01   0.43601E-01   0.92007E-02   0.13229E-01 
       6    0.52081E-01   0.62941E-01   0.14818E-01   0.20206E-01 
       7    0.63756E-01   0.76351E-01   0.19068E-01   0.25832E-01 
       8    0.68565E-01   0.81815E-01   0.20870E-01   0.28149E-01 
       9    0.72287E-01   0.85985E-01   0.22249E-01   0.29791E-01 
      10    0.79451E-01   0.93965E-01   0.24918E-01   0.32792E-01 
      11    0.98584E-01   0.11534       0.32404E-01   0.40925E-01 
      12    0.15854       0.18318       0.58977E-01   0.68278E-01 
  
                          ****   MASS-X-PROFILE     **** 
    STAGE     C1            C2            C3            NC4           IC4      
       1    0.10113       0.38422       0.32806       0.68103E-01   0.80805E-01 
       2    0.82552E-01   0.31990       0.34596       0.94831E-01   0.11039     
       3    0.40722E-01   0.37374       0.29897       0.10467       0.11127     
       4    0.24805E-01   0.41199       0.29229       0.99108E-01   0.10577     
       5    0.18885E-01   0.41843       0.29015       0.99729E-01   0.10610     
       6    0.87351E-02   0.39784       0.25282       0.10306       0.10205     
       7    0.26976E-02   0.41382       0.25207       0.10051       0.99759E-01 
       8    0.80004E-03   0.41402       0.25596       0.99976E-01   0.99419E-01 
       9    0.23211E-03   0.40176       0.26731       0.10065       0.10051     
      10    0.65126E-04   0.36810       0.29265       0.10403       0.10505     
      11    0.16841E-04   0.29364       0.33017       0.11809       0.12082     
      12    0.34490E-05   0.16556       0.31372       0.15457       0.14989     
  
                          ****   MASS-X-PROFILE     **** 
    STAGE     NC5           IC5           C6            BENZENE  
       1    0.17939E-01   0.10197E-01   0.94315E-02   0.11671E-03 
       2    0.22456E-01   0.13132E-01   0.10638E-01   0.13319E-03 
       3    0.33493E-01   0.18743E-01   0.18172E-01   0.22457E-03 
       4    0.31341E-01   0.17563E-01   0.16915E-01   0.20922E-03 
       5    0.31694E-01   0.17751E-01   0.17054E-01   0.21211E-03 
       6    0.50380E-01   0.25285E-01   0.59154E-01   0.67224E-03 
       7    0.48820E-01   0.24520E-01   0.57153E-01   0.64980E-03 
       8    0.48364E-01   0.24302E-01   0.56515E-01   0.64269E-03 
       9    0.48317E-01   0.24296E-01   0.56285E-01   0.64022E-03 
      10    0.48723E-01   0.24567E-01   0.56169E-01   0.63931E-03 
      11    0.52367E-01   0.26660E-01   0.57580E-01   0.65779E-03 
      12    0.79736E-01   0.39770E-01   0.95673E-01   0.10837E-02 
  
                          ****   MASS-Y-PROFILE     **** 
    STAGE     C1            C2            C3            NC4           IC4      
       1    0.72027       0.24002       0.35843E-01   0.13854E-02   0.23383E-02 
       2    0.68583       0.25502       0.51479E-01   0.27905E-02   0.45942E-02 
       3    0.37526       0.50158       0.99759E-01   0.91132E-02   0.12719E-01 
       4    0.21585       0.62698       0.12527       0.12535E-01   0.16998E-01 
       5    0.16083       0.66623       0.13629       0.14459E-01   0.19340E-01 
       6    0.76908E-01   0.72434       0.14756       0.19860E-01   0.24512E-01 
       7    0.22551E-01   0.76532       0.15648       0.21568E-01   0.26374E-01 
       8    0.65928E-02   0.77271       0.16296       0.22356E-01   0.27290E-01 
       9    0.19182E-02   0.76275       0.17490       0.23351E-01   0.28581E-01 
      10    0.54878E-03   0.72885       0.20306       0.25982E-01   0.32120E-01 
      11    0.14918E-03   0.64411       0.26394       0.35170E-01   0.43957E-01 
      12    0.34541E-04   0.46292       0.35194       0.69873E-01   0.82389E-01 
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                          ****   MASS-Y-PROFILE     **** 
    STAGE     NC5           IC5           C6            BENZENE  
       1    0.79373E-04   0.59492E-04   0.60195E-05   0.12760E-06 
       2    0.15506E-03   0.11839E-03   0.11411E-04   0.22596E-06 
       3    0.85822E-03   0.60214E-03   0.99072E-04   0.18137E-05 
       4    0.12957E-02   0.89006E-03   0.17035E-03   0.30678E-05 
       5    0.15632E-02   0.10644E-02   0.21579E-03   0.38589E-05 
       6    0.35030E-02   0.21247E-02   0.11702E-02   0.18135E-04 
       7    0.39358E-02   0.23673E-02   0.13781E-02   0.21226E-04 
       8    0.41264E-02   0.24741E-02   0.14677E-02   0.22512E-04 
       9    0.43307E-02   0.25903E-02   0.15527E-02   0.23648E-04 
      10    0.48084E-02   0.28674E-02   0.17385E-02   0.26041E-04 
      11    0.64592E-02   0.38473E-02   0.23344E-02   0.33682E-04 
      12    0.16192E-01   0.93317E-02   0.72275E-02   0.94779E-04 
  
  
  
  
                     ******************************** 
                     ***** HYDRAULIC PARAMETERS ***** 
                     ******************************** 
  
  
        *** DEFINITIONS *** 
  
         MARANGONI INDEX = SIGMA - SIGMATO 
         FLOW PARAM = (ML/MV)*SQRT(RHOV/RHOL) 
         QR = QV*SQRT(RHOV/(RHOL-RHOV)) 
         F FACTOR = QV*SQRT(RHOV) 
           WHERE: 
           SIGMA IS THE SURFACE TENSION OF LIQUID FROM THE STAGE 
           SIGMATO IS THE SURFACE TENSION OF LIQUID TO THE STAGE 
           ML IS THE MASS FLOW OF LIQUID FROM THE STAGE 
           MV IS THE MASS FLOW OF VAPOR TO THE STAGE 
           RHOL IS THE MASS DENSITY OF LIQUID FROM THE STAGE 
           RHOV IS THE MASS DENSITY OF VAPOR TO THE STAGE 
           QV IS THE VOLUMETRIC FLOW RATE OF VAPOR TO THE STAGE 
  
  
                      TEMPERATURE 
                          F    
  STAGE       LIQUID FROM       VAPOR TO 
     1        -63.289           -50.650     
     2        -50.650           -47.062     
     3        -1.7523            20.620     
     4         20.620            29.495     
     5         29.495            38.844     
     6         47.532            56.392     
     7         56.392            59.762     
     8         59.762            62.481     
     9         62.481            67.717     
    10         67.717            80.572     
    11         80.572            113.70     
    12         113.70            92.496     
  
  
              MASS FLOW                VOLUME FLOW         MOLECULAR WEIGHT 
               LB/HR                    CUFT/HR  
  STAGE LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO 
     1   85321.     0.97212E+06  2633.2     0.69855E+06  33.802      19.037     
     2   77872.     0.96467E+06  2364.1     0.70315E+06  35.998      19.025     
     3  0.22086E+06 0.10571E+06  6949.9      60974.      37.879      26.534     
     4  0.23777E+06 0.12263E+06  7709.1      67679.      38.055      27.861     
     5  0.24294E+06 0.12780E+06  7954.1      70714.      38.315      28.437     
     6  0.37803E+06 0.14640E+06  12325.      71361.      40.353      31.914     
     7  0.39185E+06 0.16022E+06  12959.      76590.      40.355      32.503     
     8  0.39665E+06 0.16502E+06  13174.      78322.      40.445      32.830     
     9  0.39889E+06 0.16726E+06  13258.      78976.      40.707      33.329     
    10  0.40160E+06 0.16996E+06  13331.      79440.      41.399      34.546     
    11  0.40686E+06 0.17523E+06  13450.      79684.      43.223      37.826     
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    12  0.23163E+06  66711.      7548.7      30906.      48.452      35.679     
  
  
                DENSITY                  VISCOSITY         SURFACE TENSION 
                LB/CUFT                   CP                  DYNE/CM  
  STAGE LIQUID FROM  VAPOR TO     LIQUID FROM  VAPOR TO      LIQUID FROM 
     1   32.402       1.3916      0.86791E-01  0.89853E-02    12.692     
     2   32.939       1.3719      0.91466E-01  0.90474E-02    12.625     
     3   31.778       1.7338      0.84508E-01  0.95632E-02    9.9982     
     4   30.843       1.8119      0.79809E-01  0.96089E-02    8.6377     
     5   30.542       1.8072      0.78372E-01  0.97066E-02    8.1757     
     6   30.673       2.0515      0.77966E-01  0.97555E-02    7.7283     
     7   30.238       2.0919      0.75615E-01  0.97729E-02    7.1826     
     8   30.108       2.1069      0.74868E-01  0.97953E-02    7.0080     
     9   30.086       2.1178      0.74613E-01  0.98446E-02    6.9446     
    10   30.125       2.1395      0.74474E-01  0.99628E-02    6.8952     
    11   30.251       2.1990      0.74273E-01  0.10245E-01    6.8023     
    12   30.685       2.1585      0.75610E-01  0.10069E-01    6.6278     
  
  
        MARANGONI INDEX   FLOW PARAM          QR          REDUCED F-FACTOR 
  STAGE    DYNE/CM                          CUFT/HR       (LB-CUFT)**.5/HR 
     1                    0.18189E-01      0.14798E+06      0.82406E+06 
     2   -.67111E-01      0.16475E-01      0.14659E+06      0.82360E+06 
     3   -3.1106          0.48798           14647.           80286.     
     4   -1.3605          0.46996           16908.           91101.     
     5   -.46207          0.46242           17734.           95063.     
     6   -1.8499          0.66781           19105.          0.10221E+06 
     7   -.54573          0.64329           20880.          0.11078E+06 
     8   -.17459          0.63586           21484.          0.11369E+06 
     9   -.63364E-01      0.63275           21732.          0.11493E+06 
    10   -.49371E-01      0.62970           21965.          0.11620E+06 
    11   -.92912E-01      0.62603           22310.          0.11816E+06 
    12   -.12514          0.92091           8501.4           45406.     
  
  
  
  
                  ************************************  
                  ***** TRAY SIZING CALCULATIONS *****  
                  ************************************  
  
  
     ******************* 
     *** SECTION   1 *** 
     ******************* 
  
     STARTING STAGE NUMBER                                         1 
     ENDING STAGE NUMBER                                           7 
     FLOODING CALCULATION METHOD                               B960     
  
     DESIGN PARAMETERS              
     -----------------              
     PEAK CAPACITY FACTOR                                      1.00000     
     SYSTEM FOAMING FACTOR                                     1.00000     
     FLOODING FACTOR                                           0.80000     
     MINIMUM COLUMN DIAMETER         FT                        1.00000     
     MINIMUM DC AREA/COLUMN AREA                               0.100000    
  
     TRAY SPECIFICATIONS         
     -------------------         
     TRAY TYPE                                                 FLEXI        
     NUMBER OF PASSES                                              1 
     TRAY SPACING                    FT                        1.50000     
  
  
             ***** SIZING RESULTS @ STAGE WITH MAXIMUM DIAMETER ***** 
  
     STAGE WITH MAXIMUM DIAMETER                                   1 
     COLUMN DIAMETER                 FT                       14.5807      
     DC AREA/COLUMN AREA                                       0.10000     
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     DOWNCOMER VELOCITY              FT/SEC                    0.043806    
     FLOW PATH LENGTH                FT                       10.0176      
     SIDE DOWNCOMER WIDTH            FT                        2.28152     
     SIDE WEIR LENGTH                FT                       10.5945      
     CENTER DOWNCOMER WIDTH          FT                        0.0         
     CENTER WEIR LENGTH              FT                        0.0         
     OFF-CENTER DOWNCOMER WIDTH      FT                        0.0         
     OFF-CENTER SHORT WEIR LENGTH    FT                        0.0         
     OFF-CENTER LONG WEIR LENGTH     FT                        0.0         
     TRAY CENTER TO OCDC CENTER      FT                        0.0         
  
  
                           **** SIZING PROFILES **** 
  
        STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                   FT            SQFT         SQFT           SQFT     
           1       14.581        166.97       133.58        16.697     
           2       14.377        162.33       129.87        16.233     
           3       8.3511        54.775       36.070        9.3525     
           4       9.1405        65.620       44.268        10.676     
           5       9.4067        69.497       47.299        11.099     
           6       12.960        131.93       97.435        17.246     
           7       13.723        147.90       111.22        18.340     
  
  BLOCK:  T-101    MODEL: RADFRAC          
  ------------------------------- 
     INLETS   - 19       STAGE  14 
     OUTLETS  - 20       STAGE   1 
                21       STAGE  38 
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            4780.63         4780.63         0.00000     
        MASS(LB/HR   )            231631.         231631.        0.605621E-13 
        ENTHALPY(BTU/HR  )      -0.260970E+09   -0.235681E+09   -0.969050E-01 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E             19.9724      LB/HR            
     PRODUCT STREAMS CO2E          19.9724      LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
  
  
                          ********************** 
                          ****  INPUT DATA  **** 
                          ********************** 
  
    ****   INPUT PARAMETERS   **** 
  
     NUMBER OF STAGES                                        38 
     ALGORITHM OPTION                                      STANDARD     
     ABSORBER OPTION                                       NO       
     INITIALIZATION OPTION                                 STANDARD     
     HYDRAULIC PARAMETER CALCULATIONS                      NO       
     INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
     DESIGN SPECIFICATION METHOD                           NESTED   
     MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
     MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
     MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
     FLASH TOLERANCE                                          0.000100000 
     OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
  
    ****   COL-SPECS   **** 
  
     MOLAR VAPOR DIST / TOTAL DIST                            1.00000     
     MOLAR REFLUX RATIO                                       6.50000     
     MOLAR DISTILLATE RATE          LBMOL/HR              1,280.00        
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    ****    PROFILES   **** 
  
     P-SPEC          STAGE   1  PRES, PSIA                  550.000       
  
                           ******************* 
                           ****  RESULTS  **** 
                           ******************* 
  
  
    ***   COMPONENT SPLIT FRACTIONS   *** 
  
                              OUTLET STREAMS  
                              -------------- 
                   20           21       
     COMPONENT: 
     C1          1.0000       .23732E-07 
     C2          .99387       .61334E-02 
     C3          .75338E-02   .99247     
     NC4         .20324E-05   1.0000     
     IC4         .75497E-05   .99999     
     NC5         .12935E-08   1.0000     
     IC5         .41794E-08   1.0000     
     C6          .12394E-12   1.0000     
     BENZENE     .32347E-11   1.0000     
  
   
    ***    SUMMARY OF KEY RESULTS    *** 
  
     TOP STAGE TEMPERATURE          F                        69.8752      
     BOTTOM STAGE TEMPERATURE       F                       265.705       
     TOP STAGE LIQUID FLOW          LBMOL/HR              8,320.00        
     BOTTOM STAGE LIQUID FLOW       LBMOL/HR              3,500.63        
     TOP STAGE VAPOR FLOW           LBMOL/HR              1,280.00        
     BOILUP VAPOR FLOW              LBMOL/HR             14,944.2         
     MOLAR REFLUX RATIO                                       6.50000     
     MOLAR BOILUP RATIO                                       4.26902     
     CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                   -0.210985+08 
     REBOILER DUTY                  BTU/HR                    0.463885+08 
  
    ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
  
     DEW POINT                       0.64509E-04  STAGE= 10 
     BUBBLE POINT                    0.14386E-04  STAGE=  8 
     COMPONENT MASS BALANCE          0.67193E-06  STAGE= 14 COMP=C6       
     ENERGY BALANCE                  0.14355E-04  STAGE= 14 
  
  
    ****    PROFILES   **** 
  
    **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
             FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
  
                                           ENTHALPY 
  STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
        F             PSIA           LIQUID       VAPOR        BTU/HR   
  
    1   69.875        550.00       -40364.      -37777.      -.21098+08 
    2   71.143        550.15       -40483.      -37822.                 
   13   153.30        551.80       -47249.      -41703.                 
   14   167.96        551.95       -48905.      -42249.                 
   15   173.90        552.10       -49103.      -42689.                 
   32   226.44        554.65       -50610.      -47036.                 
   33   228.82        554.80       -50780.      -47207.                 
   34   231.94        554.95       -51015.      -47419.                 
   35   236.22        555.10       -51345.      -47688.                 
   37   251.51        555.40       -52514.      -48514.                 
   38   265.71        555.55       -53512.      -49176.       .46389+08 
  
  STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
             LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
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        LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
    1  8320.      1280.                                               1280.0000 
    2  8195.      9600.                                                         
   13  5366.      7109.                                                         
   14 0.1356E+05  6646.      4780.6256                                          
   15 0.1389E+05 0.1006E+05                                                     
   32 0.2012E+05 0.1653E+05                                                     
   33 0.2015E+05 0.1662E+05                                                     
   34 0.2008E+05 0.1665E+05                                                     
   35 0.1984E+05 0.1657E+05                                                     
   37 0.1844E+05 0.1582E+05                                                     
   38  3501.     0.1494E+05                                 3500.6256           
  
     ****  MASS FLOW PROFILES  **** 
  
  STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
             LB/HR                      LB/HR                    LB/HR    
        LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
    1 0.2522E+06 0.3866E+05                                           .38663+05 
    2 0.2499E+06 0.2909E+06                                                     
   13 0.2216E+06 0.2697E+06                                                     
   14 0.5949E+06 0.2603E+06  .23163+06                                          
   15 0.6169E+06 0.4019E+06                                                     
   32 0.9902E+06 0.7877E+06                                                     
   33 0.9982E+06 0.7972E+06                                                     
   34 0.1004E+07 0.8052E+06                                                     
   35 0.1004E+07 0.8106E+06                                                     
   37 0.9766E+06 0.8030E+06                                                     
   38 0.1930E+06 0.7836E+06                                 .19297+06           
  
                          ****   MOLE-X-PROFILE     **** 
    STAGE     C1            C2            C3            NC4           IC4      
       1    0.17383E-04   0.98239       0.17575E-01   0.31190E-05   0.10358E-04 
       2    0.89829E-05   0.97015       0.29803E-01   0.90045E-05   0.27658E-04 
      13    0.35043E-05   0.36722       0.49397       0.53353E-01   0.62084E-01 
      14    0.34366E-05   0.32659       0.44775       0.79445E-01   0.83700E-01 
      15    0.15672E-05   0.29180       0.47926       0.80804E-01   0.85556E-01 
      32    0.15750E-10   0.12281E-01   0.69620       0.10669       0.12020     
      33    0.85432E-11   0.97567E-02   0.68177       0.11350       0.12713     
      34    0.46323E-11   0.76641E-02   0.66112       0.12236       0.13546     
      35    0.25001E-11   0.59249E-02   0.63236       0.13355       0.14505     
      37    0.69006E-12   0.32562E-02   0.53913       0.16199       0.16481     
      38    0.33760E-12   0.22345E-02   0.46720       0.17596       0.17063     
  
                          ****   MOLE-X-PROFILE     **** 
    STAGE     NC5           IC5           C6            BENZENE  
       1    0.14804E-08   0.21513E-08   0.28160E-12   0.66630E-13 
       2    0.74974E-08   0.98626E-08   0.27863E-11   0.48239E-12 
      13    0.11425E-01   0.62572E-02   0.56098E-02   0.78865E-04 
      14    0.26206E-01   0.13419E-01   0.22598E-01   0.28780E-03 
      15    0.26330E-01   0.13496E-01   0.22469E-01   0.28640E-03 
      32    0.28509E-01   0.14949E-01   0.20911E-01   0.26889E-03 
      33    0.30131E-01   0.15859E-01   0.21579E-01   0.27764E-03 
      34    0.32823E-01   0.17319E-01   0.22956E-01   0.29554E-03 
      35    0.37264E-01   0.19640E-01   0.25874E-01   0.33289E-03 
      37    0.55923E-01   0.28721E-01   0.45583E-01   0.57779E-03 
      38    0.73125E-01   0.36473E-01   0.73459E-01   0.91799E-03 
  
                          ****   MOLE-Y-PROFILE     **** 
    STAGE     C1            C2            C3            NC4           IC4      
       1    0.38905E-04   0.99026       0.96992E-02   0.97805E-06   0.35231E-05 
       2    0.20253E-04   0.98344       0.16525E-01   0.28335E-05   0.94466E-05 
      13    0.99030E-05   0.51631       0.41465       0.27194E-01   0.34755E-01 
      14    0.10323E-04   0.48722       0.40069       0.43077E-01   0.50127E-01 
      15    0.46327E-05   0.43948       0.44098       0.45853E-01   0.53443E-01 
      32    0.35182E-10   0.18106E-01   0.75629       0.85792E-01   0.10272     
      33    0.18996E-10   0.14398E-01   0.74443       0.92094E-01   0.10957     
      34    0.10269E-10   0.11339E-01   0.72690       0.10036       0.11798     
      35    0.55394E-11   0.88108E-02   0.70208       0.11104       0.12803     
      37    0.15521E-11   0.49689E-02   0.62067       0.14064       0.15193     
      38    0.77262E-12   0.34956E-02   0.55598       0.15872       0.16345     
 175 
  
                          ****   MOLE-Y-PROFILE     **** 
    STAGE     NC5           IC5           C6            BENZENE  
       1    0.25869E-09   0.41689E-09   0.24899E-13   0.81210E-14 
       2    0.13175E-08   0.19201E-08   0.24737E-12   0.58829E-13 
      13    0.38029E-02   0.22171E-02   0.10473E-02   0.16694E-04 
      14    0.92244E-02   0.50520E-02   0.45293E-02   0.63675E-04 
      15    0.98767E-02   0.53947E-02   0.48961E-02   0.68466E-04 
      32    0.17878E-01   0.97074E-02   0.93783E-02   0.12612E-03 
      33    0.19111E-01   0.10416E-01   0.98424E-02   0.13216E-03 
      34    0.21090E-01   0.11524E-01   0.10670E-01   0.14299E-03 
      35    0.24311E-01   0.13274E-01   0.12290E-01   0.16408E-03 
      37    0.38151E-01   0.20336E-01   0.23006E-01   0.29974E-03 
      38    0.51894E-01   0.26905E-01   0.39053E-01   0.49810E-03 
  
                          ****   K-VALUES           **** 
    STAGE     C1            C2            C3            NC4           IC4      
       1     2.2381        1.0080       0.55186       0.31357       0.34013     
       2     2.2548        1.0137       0.55444       0.31465       0.34153     
      13     2.8273        1.4061       0.83935       0.50956       0.55967     
      14     3.0048        1.4920       0.89485       0.54212       0.59880     
      15     2.9572        1.5062       0.92010       0.56735       0.62457     
      32     2.2337        1.4742        1.0863       0.80415       0.85458     
      33     2.2236        1.4757        1.0919       0.81142       0.86192     
      34     2.2168        1.4794        1.0995       0.82022       0.87096     
      35     2.2157        1.4871        1.1103       0.83142       0.88265     
      37     2.2493        1.5260        1.1512       0.86819       0.92183     
      38     2.2886        1.5643        1.1900       0.90203       0.95790     
  
                          ****   K-VALUES           **** 
    STAGE     NC5           IC5           C6            BENZENE  
       1    0.17473       0.19377       0.88412E-01   0.12187     
       2    0.17570       0.19466       0.88766E-01   0.12193     
      13    0.33272       0.35419       0.18657       0.21150     
      14    0.35189       0.37639       0.20034       0.22112     
      15    0.37501       0.39962       0.21780       0.23891     
      32    0.62710       0.64936       0.44849       0.46903     
      33    0.63429       0.65678       0.45611       0.47601     
      34    0.64252       0.66539       0.46477       0.48382     
      35    0.65241       0.67586       0.47501       0.49289     
      37    0.68220       0.70806       0.50470       0.51876     
      38    0.70966       0.73767       0.53163       0.54259     
  
                          ****   MASS-X-PROFILE     **** 
    STAGE     C1            C2            C3            NC4           IC4      
       1    0.91989E-05   0.97440       0.25564E-01   0.59798E-05   0.19859E-04 
       2    0.47267E-05   0.95682       0.43106E-01   0.17166E-04   0.52727E-04 
      13    0.13613E-05   0.26737       0.52742       0.75087E-01   0.87375E-01 
      14    0.12565E-05   0.22382       0.45000       0.10524       0.11088     
      15    0.56614E-06   0.19758       0.47588       0.10576       0.11198     
      32    0.51341E-11   0.75038E-02   0.62379       0.12600       0.14195     
      33    0.27665E-11   0.59218E-02   0.60683       0.13315       0.14915     
      34    0.14867E-11   0.46102E-02   0.58320       0.14227       0.15750     
      35    0.79237E-12   0.35197E-02   0.55089       0.15336       0.16656     
      37    0.20908E-12   0.18493E-02   0.44901       0.17783       0.18093     
      38    0.98252E-13   0.12189E-02   0.37374       0.18554       0.17992     
  
                          ****   MASS-X-PROFILE     **** 
    STAGE     NC5           IC5           C6            BENZENE  
       1    0.35231E-08   0.51200E-08   0.80047E-12   0.17168E-12 
       2    0.17742E-07   0.23340E-07   0.78756E-11   0.12359E-11 
      13    0.19959E-01   0.10931E-01   0.11706E-01   0.14916E-03 
      14    0.43094E-01   0.22066E-01   0.44385E-01   0.51238E-03 
      15    0.42777E-01   0.21926E-01   0.43602E-01   0.50376E-03 
      32    0.41795E-01   0.21916E-01   0.36616E-01   0.42678E-03 
      33    0.43880E-01   0.23096E-01   0.37536E-01   0.43776E-03 
      34    0.47375E-01   0.24998E-01   0.39576E-01   0.46182E-03 
      35    0.53116E-01   0.27995E-01   0.44050E-01   0.51371E-03 
      37    0.76206E-01   0.39138E-01   0.74191E-01   0.85242E-03 
      38    0.95711E-01   0.47739E-01   0.11484       0.13008E-02 
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                          ****   MASS-Y-PROFILE     **** 
    STAGE     C1            C2            C3            NC4           IC4      
       1    0.20663E-04   0.98581       0.14160E-01   0.18820E-05   0.67795E-05 
       2    0.10723E-04   0.97592       0.24048E-01   0.54351E-05   0.18120E-04 
      13    0.41878E-05   0.40924       0.48198       0.41665E-01   0.53248E-01 
      14    0.42287E-05   0.37410       0.45117       0.63933E-01   0.74396E-01 
      15    0.18598E-05   0.33069       0.48662       0.66693E-01   0.77732E-01 
      32    0.11843E-10   0.11423E-01   0.69975       0.10463       0.12527     
      33    0.63530E-11   0.90250E-02   0.68432       0.11159       0.13277     
      34    0.34059E-11   0.70489E-02   0.66269       0.12060       0.14177     
      35    0.18172E-11   0.54176E-02   0.63307       0.13197       0.15217     
      37    0.49066E-12   0.29441E-02   0.53930       0.16108       0.17400     
      38    0.23638E-12   0.20045E-02   0.46755       0.17593       0.18117     
  
                          ****   MASS-Y-PROFILE     **** 
    STAGE     NC5           IC5           C6            BENZENE  
       1    0.61792E-09   0.99581E-09   0.71038E-13   0.21002E-13 
       2    0.31370E-08   0.45719E-08   0.70352E-12   0.15165E-12 
      13    0.72327E-02   0.42167E-02   0.23791E-02   0.34374E-04 
      14    0.16994E-01   0.93074E-02   0.99667E-02   0.12701E-03 
      15    0.17832E-01   0.97400E-02   0.10559E-01   0.13383E-03 
      32    0.27065E-01   0.14696E-01   0.16958E-01   0.20671E-03 
      33    0.28745E-01   0.15666E-01   0.17682E-01   0.21521E-03 
      34    0.31459E-01   0.17190E-01   0.19010E-01   0.23092E-03 
      35    0.35868E-01   0.19584E-01   0.21658E-01   0.26208E-03 
      37    0.54238E-01   0.28912E-01   0.39066E-01   0.46135E-03 
      38    0.71402E-01   0.37020E-01   0.64181E-01   0.74199E-03 
  
  BLOCK:  T-102    MODEL: RADFRAC          
  ------------------------------- 
     INLETS   - 21       STAGE  15 
     OUTLETS  - 22       STAGE   1 
                23       STAGE  35 
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            3500.63         3500.63        0.129905E-15 
        MASS(LB/HR   )            192968.         192968.       -0.482630E-14 
        ENTHALPY(BTU/HR  )      -0.187326E+09   -0.196620E+09    0.472693E-01 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E            0.473986E-06  LB/HR            
     PRODUCT STREAMS CO2E         0.473986E-06  LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
  
  
                          ********************** 
                          ****  INPUT DATA  **** 
                          ********************** 
  
    ****   INPUT PARAMETERS   **** 
  
     NUMBER OF STAGES                                        35 
     ALGORITHM OPTION                                      STANDARD     
     ABSORBER OPTION                                       NO       
     INITIALIZATION OPTION                                 STANDARD     
     HYDRAULIC PARAMETER CALCULATIONS                      NO       
     INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
     DESIGN SPECIFICATION METHOD                           NESTED   
     MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
     MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
     MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
     FLASH TOLERANCE                                          0.000100000 
     OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
  
    ****   COL-SPECS   **** 
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     MOLAR VAPOR DIST / TOTAL DIST                            0.0         
     MOLAR REFLUX RATIO                                       4.46000     
     MOLAR DISTILLATE RATE          LBMOL/HR              1,639.40        
  
    ****    PROFILES   **** 
  
     P-SPEC          STAGE   1  PRES, PSIA                  300.000       
  
                           ******************* 
                           ****  RESULTS  **** 
                           ******************* 
  
  
    ***   COMPONENT SPLIT FRACTIONS   *** 
  
                              OUTLET STREAMS  
                              -------------- 
                   22           23       
     COMPONENT: 
     C1          1.0000       0.0000     
     C2          1.0000       .10545E-07 
     C3          .99349       .65078E-02 
     NC4         .13082E-02   .99869     
     IC4         .99374E-02   .99006     
     NC5         .44235E-06   1.0000     
     IC5         .13118E-05   1.0000     
     C6          .44845E-11   1.0000     
     BENZENE     .34568E-10   1.0000     
  
   
    ***    SUMMARY OF KEY RESULTS    *** 
  
     TOP STAGE TEMPERATURE          F                       136.985       
     BOTTOM STAGE TEMPERATURE       F                       264.374       
     TOP STAGE LIQUID FLOW          LBMOL/HR              7,311.72        
     BOTTOM STAGE LIQUID FLOW       LBMOL/HR              1,861.23        
     TOP STAGE VAPOR FLOW           LBMOL/HR                  0.0         
     BOILUP VAPOR FLOW              LBMOL/HR              5,657.70        
     MOLAR REFLUX RATIO                                       4.46000     
     MOLAR BOILUP RATIO                                       3.03977     
     CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                   -0.443742+08 
     REBOILER DUTY                  BTU/HR                    0.350800+08 
  
    ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
  
     DEW POINT                       0.49751E-05  STAGE= 20 
     BUBBLE POINT                    0.17338E-05  STAGE= 18 
     COMPONENT MASS BALANCE          0.16631E-05  STAGE= 15 COMP=C6       
     ENERGY BALANCE                  0.30520E-05  STAGE=  1 
  
  
    ****    PROFILES   **** 
  
    **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
             FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
  
                                           ENTHALPY 
  STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
        F             PSIA           LIQUID       VAPOR        BTU/HR   
  
    1   136.99        300.00       -49990.      -44971.      -.44374+08 
    2   137.69        300.15       -50045.      -45032.                 
    3   138.25        300.30       -50112.      -45077.                 
   13   171.36        301.80       -54566.      -47529.                 
   14   180.66        301.95       -55651.      -48015.                 
   15   188.62        302.10       -56598.      -48345.                 
   16   190.66        302.25       -56786.      -48553.                 
   29   233.88        304.20       -60023.      -53588.                 
   30   235.87        304.35       -60099.      -53752.                 
   31   237.92        304.50       -60167.      -53873.                 
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   34   250.83        304.95       -60805.      -54138.                 
   35   264.37        305.10       -61608.      -54341.       .35080+08 
  
  STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
             LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
        LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
    1  8951.      0.000                                     1639.4000           
    2  7311.      8951.                                                         
    3  7299.      8950.                                                         
   13  6280.      8149.                                                         
   14  5874.      7919.                1934.4618                                
   15  7381.      5579.      1566.1637                                          
   16  7386.      5520.                                                         
   29  7926.      6031.                                                         
   30  7947.      6065.                                                         
   31  7947.      6086.                                                         
   34  7519.      5929.                                                         
   35  1861.      5658.                                     1861.2256           
  
     ****  MASS FLOW PROFILES  **** 
  
  STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
             LB/HR                      LB/HR                    LB/HR    
        LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
    1 0.3946E+06  0.000                                     .72277+05           
    2 0.3229E+06 0.3946E+06                                                     
    3 0.3231E+06 0.3952E+06                                                     
   13 0.3166E+06 0.3919E+06                                                     
   14 0.3068E+06 0.3888E+06            .10079+06                                
   15 0.3978E+06 0.2783E+06  .92183+05                                          
   16 0.4003E+06 0.2772E+06                                                     
   29 0.4751E+06 0.3504E+06                                                     
   30 0.4782E+06 0.3544E+06                                                     
   31 0.4802E+06 0.3575E+06                                                     
   34 0.4697E+06 0.3571E+06                                                     
   35 0.1207E+06 0.3490E+06                                 .12069+06           
  
                          ****   MOLE-X-PROFILE     **** 
    STAGE     C1            C2            C3            NC4           IC4      
       1    0.72088E-12   0.47714E-02   0.99112       0.49153E-03   0.36207E-02 
       2    0.11900E-12   0.22163E-02   0.99012       0.10293E-02   0.66374E-02 
       3    0.37832E-13   0.12442E-02   0.98572       0.19390E-02   0.11095E-01 
      13    0.25646E-13   0.57332E-03   0.58418       0.15188       0.23210     
      14    0.25694E-13   0.55538E-03   0.50940       0.17954       0.23764     
      15    0.71441E-14   0.32860E-03   0.45959       0.18750       0.23467     
      16    0.14142E-14   0.16244E-03   0.44005       0.19330       0.24758     
      29    0.13038E-23   0.78339E-08   0.51543E-01   0.33298       0.47814     
      30    0.26931E-24   0.34738E-08   0.38936E-01   0.34438       0.47562     
      31    0.55682E-25   0.15305E-08   0.28897E-01   0.35560       0.46757     
      34    0.47998E-27   0.11772E-09   0.96767E-02   0.36351       0.38524     
      35    0.92295E-28   0.44317E-10   0.57184E-02   0.33052       0.31774     
  
                          ****   MOLE-X-PROFILE     **** 
    STAGE     NC5           IC5           C6            BENZENE  
       1    0.69071E-07   0.10217E-06   0.70344E-12   0.67759E-13 
       2    0.25435E-06   0.35247E-06   0.63214E-11   0.50162E-12 
       3    0.80730E-06   0.10517E-05   0.47166E-10   0.31050E-11 
      13    0.16842E-01   0.10255E-01   0.41101E-02   0.58917E-04 
      14    0.35213E-01   0.19545E-01   0.17877E-01   0.23613E-03 
      15    0.50120E-01   0.26203E-01   0.41061E-01   0.51953E-03 
      16    0.50609E-01   0.26514E-01   0.41265E-01   0.52196E-03 
      29    0.60134E-01   0.32960E-01   0.43692E-01   0.54994E-03 
      30    0.62156E-01   0.34282E-01   0.44071E-01   0.55477E-03 
      31    0.65831E-01   0.36521E-01   0.45011E-01   0.56685E-03 
      34    0.10650       0.56509E-01   0.77585E-01   0.97617E-03 
      35    0.13753       0.68599E-01   0.13816       0.17266E-02 
  
                          ****   MOLE-Y-PROFILE     **** 
    STAGE     C1            C2            C3            NC4           IC4      
       1    0.43689E-11   0.10247E-01   0.98756       0.23315E-03   0.19620E-02 
       2    0.72088E-12   0.47714E-02   0.99112       0.49153E-03   0.36207E-02 
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       3    0.22924E-12   0.26843E-02   0.99030       0.93078E-03   0.60848E-02 
      13    0.16543E-12   0.14302E-02   0.72377       0.95360E-01   0.16880     
      14    0.16957E-12   0.14424E-02   0.66842       0.12054       0.18480     
      15    0.48301E-13   0.88387E-03   0.63322       0.13307       0.19298     
      16    0.95530E-14   0.43940E-03   0.61263       0.13928       0.20667     
      29    0.82752E-23   0.22986E-07   0.86196E-01   0.31908       0.52467     
      30    0.17038E-23   0.10224E-07   0.65605E-01   0.33374       0.52736     
      31    0.35164E-24   0.45227E-08   0.49096E-01   0.34861       0.52391     
      34    0.30821E-26   0.36164E-09   0.17473E-01   0.38307       0.46130     
      35    0.60752E-27   0.14187E-09   0.10979E-01   0.37437       0.40745     
  
                          ****   MOLE-Y-PROFILE     **** 
    STAGE     NC5           IC5           C6            BENZENE  
       1    0.18609E-07   0.29376E-07   0.77399E-13   0.90660E-14 
       2    0.69071E-07   0.10217E-06   0.70344E-12   0.67759E-13 
       3    0.22041E-06   0.30663E-06   0.52924E-11   0.42215E-12 
      13    0.59745E-02   0.39776E-02   0.68330E-03   0.10795E-04 
      14    0.13355E-01   0.81324E-02   0.32593E-02   0.46721E-04 
      15    0.20097E-01   0.11563E-01   0.80773E-02   0.10963E-03 
      16    0.20646E-01   0.11908E-01   0.83197E-02   0.11254E-03 
      29    0.34682E-01   0.20882E-01   0.14299E-01   0.18388E-03 
      30    0.36381E-01   0.22023E-01   0.14701E-01   0.18886E-03 
      31    0.39103E-01   0.23786E-01   0.15294E-01   0.19639E-03 
      34    0.68705E-01   0.39885E-01   0.29202E-01   0.37330E-03 
      35    0.96289E-01   0.52532E-01   0.57656E-01   0.72931E-03 
  
                          ****   K-VALUES           **** 
    STAGE     C1            C2            C3            NC4           IC4      
       1     6.0607        2.1477       0.99641       0.47434       0.54187     
       2     6.0580        2.1529        1.0010       0.47755       0.54551     
       3     6.0596        2.1575        1.0046       0.48002       0.54844     
      13     6.4504        2.4946        1.2389       0.62787       0.72725     
      14     6.5995        2.5971        1.3122       0.67139       0.77767     
      15     6.7607        2.6898        1.3778       0.70970       0.82234     
      16     6.7545        2.7050        1.3922       0.72055       0.83475     
      29     6.3471        2.9341        1.6723       0.95825        1.0973     
      30     6.3267        2.9432        1.6849       0.96912        1.1088     
      31     6.3151        2.9551        1.6990       0.98036        1.1205     
      34     6.4212        3.0721        1.8057        1.0538        1.1974     
      35     6.5823        3.2012        1.9199        1.1327        1.2823     
  
                          ****   K-VALUES           **** 
    STAGE     NC5           IC5           C6            BENZENE  
       1    0.26941       0.28753       0.11003       0.13379     
       2    0.27156       0.28986       0.11128       0.13508     
       3    0.27302       0.29155       0.11221       0.13596     
      13    0.35475       0.38786       0.16625       0.18323     
      14    0.37928       0.41609       0.18232       0.19786     
      15    0.40097       0.44128       0.19672       0.21103     
      16    0.40795       0.44913       0.20162       0.21561     
      29    0.57674       0.63356       0.32727       0.33436     
      30    0.58532       0.64240       0.33358       0.34043     
      31    0.59400       0.65131       0.33979       0.34647     
      34    0.64513       0.70581       0.37639       0.38242     
      35    0.70010       0.76578       0.41730       0.42240     
  
                          ****   MASS-X-PROFILE     **** 
    STAGE     C1            C2            C3            NC4           IC4      
       1    0.26232E-12   0.32544E-02   0.99132       0.64802E-03   0.47735E-02 
       2    0.43218E-13   0.15087E-02   0.98840       0.13543E-02   0.87335E-02 
       3    0.13712E-13   0.84524E-03   0.98204       0.25463E-02   0.14569E-01 
      13    0.81617E-14   0.34199E-03   0.51102       0.17512       0.26762     
      14    0.78909E-14   0.31970E-03   0.43002       0.19977       0.26442     
      15    0.21263E-14   0.18332E-03   0.37600       0.20219       0.25306     
      16    0.41864E-15   0.90126E-04   0.35805       0.20730       0.26552     
      29    0.34893E-24   0.39298E-08   0.37917E-01   0.32288       0.46362     
      30    0.71795E-25   0.17358E-08   0.28532E-01   0.33262       0.45939     
      31    0.14783E-25   0.76157E-09   0.21087E-01   0.34204       0.44974     
      34    0.12326E-27   0.56664E-10   0.68306E-02   0.33822       0.35844     
      35    0.22834E-28   0.20550E-10   0.38887E-02   0.29626       0.28480     
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                          ****   MASS-X-PROFILE     **** 
    STAGE     NC5           IC5           C6            BENZENE  
       1    0.11304E-06   0.16720E-06   0.13750E-11   0.12006E-12 
       2    0.41544E-06   0.57572E-06   0.12332E-10   0.88704E-12 
       3    0.13160E-05   0.17144E-05   0.91831E-10   0.54798E-11 
      13    0.24105E-01   0.14678E-01   0.70264E-02   0.91297E-04 
      14    0.48636E-01   0.26996E-01   0.29493E-01   0.35310E-03 
      15    0.67090E-01   0.35075E-01   0.65649E-01   0.75292E-03 
      16    0.67375E-01   0.35298E-01   0.65615E-01   0.75230E-03 
      29    0.72380E-01   0.39672E-01   0.62814E-01   0.71665E-03 
      30    0.74523E-01   0.41102E-01   0.63112E-01   0.72012E-03 
      31    0.78602E-01   0.43606E-01   0.64191E-01   0.73275E-03 
      34    0.12300       0.65266E-01   0.10703       0.12206E-02 
      35    0.15303       0.76327E-01   0.18362       0.20799E-02 
  
                          ****   MASS-Y-PROFILE     **** 
    STAGE     C1            C2            C3            NC4           IC4      
       1    0.15935E-11   0.70057E-02   0.99009       0.30811E-03   0.25927E-02 
       2    0.26232E-12   0.32544E-02   0.99132       0.64802E-03   0.47735E-02 
       3    0.83285E-13   0.18279E-02   0.98894       0.12252E-02   0.80093E-02 
      13    0.55187E-13   0.89428E-03   0.66366       0.11526       0.20401     
      14    0.55404E-13   0.88333E-03   0.60030       0.14269       0.21876     
      15    0.15532E-13   0.53273E-03   0.55969       0.15503       0.22483     
      16    0.30523E-14   0.26315E-03   0.53804       0.16123       0.23924     
      29    0.22850E-23   0.11897E-07   0.65423E-01   0.31922       0.52490     
      30    0.46774E-24   0.52609E-08   0.49504E-01   0.33194       0.52451     
      31    0.96022E-25   0.23148E-08   0.36850E-01   0.34490       0.51832     
      34    0.82096E-27   0.18055E-09   0.12793E-01   0.36968       0.44518     
      35    0.15799E-27   0.69152E-10   0.78479E-02   0.35273       0.38390     
  
                          ****   MASS-Y-PROFILE     **** 
    STAGE     NC5           IC5           C6            BENZENE  
       1    0.30525E-07   0.48189E-07   0.15165E-12   0.16101E-13 
       2    0.11304E-06   0.16720E-06   0.13750E-11   0.12006E-12 
       3    0.36014E-06   0.50101E-06   0.10329E-10   0.74678E-12 
      13    0.89636E-02   0.59677E-02   0.12245E-02   0.17535E-04 
      14    0.19625E-01   0.11950E-01   0.57204E-02   0.74327E-04 
      15    0.29064E-01   0.16722E-01   0.13953E-01   0.17166E-03 
      16    0.29667E-01   0.17112E-01   0.14279E-01   0.17508E-03 
      29    0.43070E-01   0.25932E-01   0.21210E-01   0.24722E-03 
      30    0.44918E-01   0.27190E-01   0.21679E-01   0.25244E-03 
      31    0.48022E-01   0.29212E-01   0.22434E-01   0.26112E-03 
      34    0.82305E-01   0.47780E-01   0.41784E-01   0.48416E-03 
      35    0.11262       0.61441E-01   0.80543E-01   0.92349E-03 
  
  BLOCK:  T-103    MODEL: RADFRAC          
  ------------------------------- 
     INLETS   - 23       STAGE  16 
     OUTLETS  - 24       STAGE   1 
                25       STAGE  37 
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            1861.23         1861.23        0.122163E-15 
        MASS(LB/HR   )            120691.         120691.       -0.705342E-13 
        ENTHALPY(BTU/HR  )      -0.114667E+09   -0.117058E+09    0.204271E-01 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E             0.00000      LB/HR            
     PRODUCT STREAMS CO2E          0.00000      LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
  
  
                          ********************** 
                          ****  INPUT DATA  **** 
                          ********************** 
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    ****   INPUT PARAMETERS   **** 
  
     NUMBER OF STAGES                                        37 
     ALGORITHM OPTION                                      STANDARD     
     ABSORBER OPTION                                       NO       
     INITIALIZATION OPTION                                 STANDARD     
     HYDRAULIC PARAMETER CALCULATIONS                      NO       
     INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
     DESIGN SPECIFICATION METHOD                           NESTED   
     MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
     MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
     MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
     FLASH TOLERANCE                                          0.000100000 
     OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
  
    ****   COL-SPECS   **** 
  
     MOLAR VAPOR DIST / TOTAL DIST                            0.0         
     MOLAR REFLUX RATIO                                       2.67000     
     MOLAR DISTILLATE RATE          LBMOL/HR              1,208.18        
  
    ****    PROFILES   **** 
  
     P-SPEC          STAGE   1  PRES, PSIA                  200.000       
  
                           ******************* 
                           ****  RESULTS  **** 
                           ******************* 
  
  
    ***   COMPONENT SPLIT FRACTIONS   *** 
  
                              OUTLET STREAMS  
                              -------------- 
                   24           25       
     COMPONENT: 
     C2          1.0000       .31870E-14 
     C3          1.0000       .40065E-08 
     NC4         .98327       .16725E-01 
     IC4         .99945       .55263E-03 
     NC5         .19142E-02   .99809     
     IC5         .86854E-02   .99131     
     C6          .20265E-07   1.0000     
     BENZENE     .30338E-07   1.0000     
  
   
    ***    SUMMARY OF KEY RESULTS    *** 
  
     TOP STAGE TEMPERATURE          F                       189.108       
     BOTTOM STAGE TEMPERATURE       F                       310.110       
     TOP STAGE LIQUID FLOW          LBMOL/HR              3,225.84        
     BOTTOM STAGE LIQUID FLOW       LBMOL/HR                653.046       
     TOP STAGE VAPOR FLOW           LBMOL/HR                  0.0         
     BOILUP VAPOR FLOW              LBMOL/HR              3,350.27        
     MOLAR REFLUX RATIO                                       2.67000     
     MOLAR BOILUP RATIO                                       5.13022     
     CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                   -0.291717+08 
     REBOILER DUTY                  BTU/HR                    0.267803+08 
  
    ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
  
     DEW POINT                       0.18520E-04  STAGE= 29 
     BUBBLE POINT                    0.15427E-04  STAGE= 29 
     COMPONENT MASS BALANCE          0.28110E-06  STAGE= 16 COMP=C6       
     ENERGY BALANCE                  0.19029E-04  STAGE= 37 
  
  
    ****    PROFILES   **** 
  
    **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
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             FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
  
                                           ENTHALPY 
  STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
        F             PSIA           LIQUID       VAPOR        BTU/HR   
  
    1   189.11        200.00       -60647.      -54210.      -.29172+08 
    2   190.83        200.15       -60491.      -54068.                 
    3   191.99        200.30       -60375.      -53943.                 
   14   205.28        201.95       -61406.      -54066.                 
   15   210.26        202.10       -61977.      -54201.                 
   16   216.87        202.25       -62626.      -54293.                 
   17   217.98        202.40       -62533.      -54178.                 
   36   300.62        205.25       -66753.      -58491.                 
   37   310.11        205.40       -67049.      -58702.       .26780+08 
  
  STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
             LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
        LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
    1  4434.      0.000                                     1208.1800           
    2  3218.      4434.                                                         
    3  3210.      4426.                                                         
   14  2968.      4254.                                                         
   15  2841.      4176.                 522.3931                                
   16  4165.      3527.      1338.8324                                          
   17  4164.      3512.                                                         
   36  4003.      3391.                                                         
   37  653.0      3350.                                      653.0456           
  
     ****  MASS FLOW PROFILES  **** 
  
  STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
             LB/HR                      LB/HR                    LB/HR    
        LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
    1 0.2573E+06  0.000                                     .70097+05           
    2 0.1869E+06 0.2573E+06                                                     
    3 0.1866E+06 0.2570E+06                                                     
   14 0.1799E+06 0.2525E+06                                                     
   15 0.1754E+06 0.2500E+06            .32239+05                                
   16 0.2632E+06 0.2133E+06  .88452+05                                          
   17 0.2634E+06 0.2126E+06                                                     
   36 0.3038E+06 0.2512E+06                                                     
   37 0.5059E+05 0.2532E+06                                 .50595+05           
  
                          ****   MOLE-X-PROFILE     **** 
    STAGE     C2            C3            NC4           IC4           NC5      
       1    0.68271E-10   0.88094E-02   0.50065       0.48922       0.40558E-03 
       2    0.17027E-10   0.46579E-02   0.54844       0.44436       0.84045E-03 
       3    0.76834E-11   0.30359E-02   0.58140       0.41135       0.14750E-02 
      14    0.54962E-11   0.18476E-02   0.53739       0.29711       0.87731E-01 
      15    0.54567E-11   0.17918E-02   0.49681       0.28127       0.11088     
      16    0.28517E-11   0.13362E-02   0.46342       0.25441       0.12601     
      17    0.75519E-12   0.70060E-03   0.48746       0.22795       0.12761     
      36    0.19017E-23   0.19262E-09   0.27858E-01   0.98446E-03   0.43663     
      37    0.40254E-24   0.65298E-10   0.15755E-01   0.50045E-03   0.39123     
  
                          ****   MOLE-X-PROFILE     **** 
    STAGE     IC5           C6            BENZENE  
       1    0.91786E-03   0.43133E-08   0.80694E-10 
       2    0.17062E-02   0.19427E-07   0.35341E-09 
       3    0.27429E-02   0.68173E-07   0.12092E-08 
      14    0.60341E-01   0.15376E-01   0.20268E-03 
      15    0.68573E-01   0.40158E-01   0.51569E-03 
      16    0.71502E-01   0.82288E-01   0.10364E-02 
      17    0.72675E-01   0.82572E-01   0.10401E-02 
      36    0.23715       0.29367       0.37064E-02 
      37    0.19381       0.39378       0.49209E-02 
  
                          ****   MOLE-Y-PROFILE     **** 
    STAGE     C2            C3            NC4           IC4           NC5      
       1    0.27100E-09   0.16450E-01   0.45101       0.53186       0.19169E-03 
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       2    0.68271E-10   0.88094E-02   0.50065       0.48922       0.40558E-03 
       3    0.31016E-10   0.57912E-02   0.53539       0.45660       0.72174E-03 
      14    0.23344E-10   0.38534E-02   0.54842       0.35968       0.47585E-01 
      15    0.23657E-10   0.38616E-02   0.52676       0.35269       0.62467E-01 
      16    0.12711E-10   0.30022E-02   0.51588       0.33436       0.74875E-01 
      17    0.33820E-11   0.15846E-02   0.54668       0.30162       0.76685E-01 
      36    0.10231E-22   0.62648E-09   0.51466E-01   0.20370E-02   0.46926     
      37    0.21940E-23   0.21744E-09   0.30217E-01   0.10788E-02   0.44548     
  
                          ****   MOLE-Y-PROFILE     **** 
    STAGE     IC5           C6            BENZENE  
       1    0.48603E-03   0.94176E-09   0.18134E-10 
       2    0.91786E-03   0.43133E-08   0.80694E-10 
       3    0.14910E-02   0.15301E-07   0.27896E-09 
      14    0.36445E-01   0.39644E-02   0.53722E-04 
      15    0.43150E-01   0.10927E-01   0.14405E-03 
      16    0.47542E-01   0.24033E-01   0.30978E-03 
      17    0.48755E-01   0.24360E-01   0.31400E-03 
      36    0.28456       0.19024       0.24391E-02 
      37    0.24560       0.27415       0.34697E-02 
  
                          ****   K-VALUES           **** 
    STAGE     C2            C3            NC4           IC4           NC5      
       1     3.9695        1.8673       0.90085        1.0872       0.47262     
       2     4.0096        1.8913       0.91287        1.1009       0.48257     
       3     4.0368        1.9076       0.92087        1.1100       0.48932     
      14     4.2472        2.0856        1.0205        1.2106       0.54241     
      15     4.3354        2.1552        1.0603        1.2539       0.56338     
      16     4.4574        2.2468        1.1132        1.3143       0.59421     
      17     4.4783        2.2618        1.1215        1.3232       0.60095     
      36     5.3791        3.2521        1.8474        2.0691        1.0747     
      37     5.4500        3.3298        1.9179        2.1556        1.1387     
  
                          ****   K-VALUES           **** 
    STAGE     IC5           C6            BENZENE  
       1    0.52952       0.21834       0.22473     
       2    0.53796       0.22203       0.22833     
       3    0.54358       0.22444       0.23070     
      14    0.60399       0.25784       0.26506     
      15    0.62926       0.27212       0.27934     
      16    0.66491       0.29206       0.29891     
      17    0.67086       0.29501       0.30191     
      36     1.1999       0.64782       0.65810     
      37     1.2672       0.69623       0.70511     
  
                          ****   MASS-X-PROFILE     **** 
    STAGE     C2            C3            NC4           IC4           NC5      
       1    0.35383E-10   0.66955E-02   0.50156       0.49010       0.50437E-03 
       2    0.88133E-11   0.35356E-02   0.54872       0.44458       0.10438E-02 
       3    0.39738E-11   0.23026E-02   0.58124       0.41123       0.18304E-02 
      14    0.27268E-11   0.13442E-02   0.51534       0.28492       0.10444     
      15    0.26571E-11   0.12795E-02   0.46761       0.26474       0.12955     
      16    0.13567E-11   0.93221E-03   0.42617       0.23395       0.14385     
      17    0.35897E-12   0.48836E-03   0.44787       0.20944       0.14554     
      36    0.75355E-24   0.11193E-09   0.21337E-01   0.75402E-03   0.41513     
      37    0.15623E-24   0.37166E-10   0.11820E-01   0.37545E-03   0.36434     
  
                          ****   MASS-X-PROFILE     **** 
    STAGE     IC5           C6            BENZENE  
       1    0.11414E-02   0.64067E-08   0.10864E-09 
       2    0.21190E-02   0.28818E-07   0.47520E-09 
       3    0.34039E-02   0.10105E-06   0.16246E-08 
      14    0.71831E-01   0.21862E-01   0.26122E-03 
      15    0.80120E-01   0.56041E-01   0.65232E-03 
      16    0.81622E-01   0.11220       0.12809E-02 
      17    0.82889E-01   0.11249       0.12843E-02 
      36    0.22548       0.33349       0.38152E-02 
      37    0.18049       0.43801       0.49614E-02 
  
                          ****   MASS-Y-PROFILE     **** 
    STAGE     C2            C3            NC4           IC4           NC5      
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       1    0.14074E-09   0.12528E-01   0.45274       0.53389       0.23885E-03 
       2    0.35383E-10   0.66955E-02   0.50156       0.49010       0.50437E-03 
       3    0.16060E-10   0.43974E-02   0.53586       0.45700       0.89669E-03 
      14    0.11825E-10   0.28625E-02   0.53699       0.35219       0.57837E-01 
      15    0.11884E-10   0.28447E-02   0.51148       0.34246       0.75293E-01 
      16    0.63200E-11   0.21889E-02   0.49579       0.32134       0.89325E-01 
      17    0.16795E-11   0.11540E-02   0.52477       0.28954       0.91376E-01 
      36    0.41526E-23   0.37290E-09   0.40379E-01   0.15982E-02   0.45702     
      37    0.87291E-24   0.12687E-09   0.23239E-01   0.82967E-03   0.42528     
  
                          ****   MASS-Y-PROFILE     **** 
    STAGE     IC5           C6            BENZENE  
       1    0.60562E-03   0.14016E-08   0.24464E-10 
       2    0.11414E-02   0.64067E-08   0.10864E-09 
       3    0.18524E-02   0.22706E-07   0.37523E-09 
      14    0.44298E-01   0.57554E-02   0.70694E-04 
      15    0.52009E-01   0.15732E-01   0.18797E-03 
      16    0.56717E-01   0.34244E-01   0.40011E-03 
      17    0.58095E-01   0.34669E-01   0.40508E-03 
      36    0.27714       0.22130       0.25718E-02 
      37    0.23446       0.31260       0.35861E-02 
  
  BLOCK:  V-100    MODEL: FLASH2           
  ------------------------------ 
    INLET STREAM:          2        
    OUTLET VAPOR STREAM:   3        
    OUTLET LIQUID STREAM:  4        
    PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
  
                       ***  MASS AND ENERGY BALANCE  *** 
                                     IN              OUT        RELATIVE DIFF. 
     TOTAL BALANCE 
        MOLE(LBMOL/HR)            65918.9         65918.9       -0.220755E-15 
        MASS(LB/HR   )           0.136893E+07    0.136893E+07   -0.170083E-15 
        ENTHALPY(BTU/HR  )      -0.234290E+10   -0.234290E+10   -0.711246E-06 
  
                       ***  CO2 EQUIVALENT SUMMARY *** 
     FEED STREAMS CO2E            0.204788E+08  LB/HR            
     PRODUCT STREAMS CO2E         0.204788E+08  LB/HR            
     NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
     UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
     TOTAL CO2E PRODUCTION         0.00000      LB/HR            
  
                           ***  INPUT DATA  *** 
    TWO    PHASE  PQ  FLASH 
    PRESSURE DROP         PSI                                 0.0         
    SPECIFIED HEAT DUTY   BTU/HR                              0.0         
    MAXIMUM NO. ITERATIONS                                   30 
    CONVERGENCE TOLERANCE                                     0.000100000 
  
                            ***  RESULTS  *** 
    OUTLET TEMPERATURE    F                                    24.525     
    OUTLET PRESSURE       PSIA                                 757.70     
    VAPOR FRACTION                                            0.95549     
  
  
  
    V-L PHASE EQUILIBRIUM :  
  
       COMP              F(I)           X(I)           Y(I)           K(I)       
       C1               0.77460        0.29371        0.79700         2.7135     
       C2               0.15707        0.25042        0.15272        0.60983     
       C3               0.39022E-01    0.15365        0.33682E-01    0.21920     
       NC4              0.97556E-02    0.82150E-01    0.63830E-02    0.77694E-01 
       IC4              0.97556E-02    0.70011E-01    0.69485E-02    0.99244E-01 
       NC5              0.39022E-02    0.52945E-01    0.16175E-02    0.30549E-01 
       IC5              0.19511E-02    0.24404E-01    0.90511E-03    0.37086E-01 
       C6               0.39022E-02    0.71837E-01    0.73736E-03    0.10264E-01 
       BENZENE          0.48778E-04    0.88021E-03    0.10044E-04    0.11410E-01 
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III. Material Safety Data Sheets 
 
 
Natural gas, compressed 
Safety Data Sheet P-4627  
according to U.S. Code of Federal Regulations 29 CFR 1910.1200, Hazard Communication. 
Date of issue: 01/01/1979 Revision date: 01/15/2015  Supersedes: 05/01/2009  
 
EN (English US) SDS ID: P-4627 
 
 1/11 
This document is only controlled while on the Praxair, Inc. website and a copy of this controlled version is available for download. 
Praxair cannot assure the integrity or accuracy of any version of this document after it has been downloaded or removed from our website. 
 
SECTION: 1. Product and company identification 
 
1.1. Product identifier 
Product form : Mixture 
Formula : Mixture of methane, ethane, propane, and butane 
Other means of identification : Natural gas, compressed 
 
1.2. Relevant identified uses of the substance or mixture and uses advised against 
Use of the substance/mixture : Industrial use. Use as directed. 
 
1.3. Details of the supplier of the safety data sheet 
Praxair, Inc. 
39 Old Ridgebury Road 
Danbury, CT 06810-5113 - USA 
T 1-800-772-9247 (1-800-PRAXAIR) - F 1-716-879-2146 
www.praxair.com 
 
1.4. Emergency telephone number 
Emergency number : Onsite Emergency: 1-800-645-4633 
 
 
CHEMTREC, 24hr/day 7days/week — Within USA: 1-800-424-9300, Outside USA: 001-703-
527-3887 (collect calls accepted, Contract 17729) 
 
SECTION 2: Hazards identification 
 
2.1. Classification of the substance or mixture 
Classification (GHS-US) 
Flam. Gas 1 H220  
Liquefied gas H280  
  
Full text of H-phrases: see section 16 
 
 
2.2. Label elements 
GHS-US labeling 
Hazard pictograms (GHS-US) : 
 
GHS02 
 
GHS04 
    
Signal word (GHS-US) : DANGER 
Hazard statements (GHS-US) : H220 - EXTREMELY FLAMMABLE GAS 
H280 - CONTAINS GAS UNDER PRESSURE; MAY EXPLODE IF HEATED 
OSHA-H01 - MAY DISPLACE OXYGEN AND CAUSE RAPID SUFFOCATION. 
CGA-HG04 - MAY FORM EXPLOSIVE MIXTURES WITH AIR 
Precautionary statements (GHS-US) : P202 - Do not handle until all safety precautions have been read and understood 
P210 - Keep away from heat, Open flames, sparks, hot surfaces. - No smoking 
P271+P403 - Use and store only outdoors or in a well-ventilated place. 
P377 - Leaking gas fire: Do not extinguish, unless leak can be stopped safely 
P381 - Eliminate all ignition sources if safe to do so 
CGA-PG05 - Use a back flow preventive device in the piping. 
CGA-PG10 - Use only with equipment rated for cylinder pressure. 
CGA-PG06 - Close valve after each use and when empty. 
CGA-PG11 - Never put cylinders into unventilated areas of passenger vehicles. 
CGA-PG02 - Protect from sunlight when ambient temperature exceeds 52°C (125°F). 
 
 
2.3. Other hazards 
No additional information available 
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Methane, compressed 
Safety Data Sheet P-4618  
according to U.S. Code of Federal Regulations 29 CFR 1910.1200, Hazard Communication. 
Date of issue: 01/01/1978 Revision date: 03/09/2015  Supersedes: 03/04/2015  
 
EN (English US) SDS ID: P-4618 
 
 1/9 
This document is only controlled while on the Praxair, Inc. website and a copy of this controlled version is available for download. 
Praxair cannot assure the integrity or accuracy of any version of this document after it has been downloaded or removed from our website. 
 
SECTION: 1. Product and company identification 
 
1.1. Product identifier 
Product form : Substance 
Name : Methane, compressed 
CAS No : 74-82-8 
Formula : CH4 
 
1.2. Relevant identified uses of the substance or mixture and uses advised against 
Use of the substance/mixture : Industrial use. Use as directed. 
 
1.3. Details of the supplier of the safety data sheet 
Praxair, Inc. 
39 Old Ridgebury Road 
Danbury, CT 06810-5113 - USA 
T 1-800-772-9247 (1-800-PRAXAIR) - F 1-716-879-2146 
www.praxair.com 
 
1.4. Emergency telephone number 
Emergency number : Onsite Emergency: 1-800-645-4633 
 
 
CHEMTREC, 24hr/day 7days/week — Within USA: 1-800-424-9300, Outside USA: 001-703-
527-3887 (collect calls accepted, Contract 17729) 
 
SECTION 2: Hazards identification 
 
2.1. Classification of the substance or mixture 
Classification (GHS-US) 
Flam. Gas 1 H220  
Compressed gas H280  
  
 
 
2.2. Label elements 
GHS-US labeling 
Hazard pictograms (GHS-US) : 
 
GHS02 
 
GHS04 
    
Signal word (GHS-US) : DANGER 
Hazard statements (GHS-US) : H220 - EXTREMELY FLAMMABLE GAS 
H280 - CONTAINS GAS UNDER PRESSURE; MAY EXPLODE IF HEATED 
OSHA-H01 - MAY DISPLACE OXYGEN AND CAUSE RAPID SUFFOCATION. 
CGA-HG04 - MAY FORM EXPLOSIVE MIXTURES WITH AIR 
Precautionary statements (GHS-US) : P202 - Do not handle until all safety precautions have been read and understood 
P210 - Keep away from Heat, Open flames, Sparks, Hot surfaces. - No smoking 
P271+P403 - Use and store only outdoors or in a well-ventilated place. 
P377 - Leaking gas fire: Do not extinguish, unless leak can be stopped safely 
P381 - Eliminate all ignition sources if safe to do so 
CGA-PG05 - Use a back flow preventive device in the piping. 
CGA-PG10 - Use only with equipment rated for cylinder pressure. 
CGA-PG06 - Close valve after each use and when empty. 
CGA-PG11 - Never put cylinders into unventilated areas of passenger vehicles. 
CGA-PG02 - Protect from sunlight when ambient temperature exceeds 52°C (125°F). 
 
 
2.3. Other hazards 
Other hazards not contributing to the : None. 
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IV. Problem Statement 
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V. Profitability Analysis Spreadsheet 
1. Input Summary 
General Information               
 
Process Title: NGL/LPG Extraction from Shale Gas 
    
 
Product: Ethane 
      
 
Plant Site 
Location: Pennsylvania, USA 
     
 
Site Factor: 1.10 
      
 
Operating 
Hours per Year: 7919 
      
 
Operating Days 
Per Year: 330 
      
 
Operating 
Factor: 0.9040 
      
         
         Product Information               
This Process will Yield 
       
  
38,661 lb of Ethane per hour 
    
  
927,86
4 lb of Ethane per day 
    
  
306,15
8,005 lb of Ethane per year 
    
         
 
Price $0.05  /lb 
     
         Chron
ology                 
  
Distribution of 
Productio
n  
Depreci
ation 
 
Product 
Price 
Year Action Permanent Investment Capacity 5 year MACRS 
  2016 Design 
 
0.0% 
    2017 Construction 100% 0.0% 
    2018 Construction 0% 0.0% 
    
2019 Production 0% 45.0% 20.00% 
 
$0.0
5  
 
2020 Production 0% 67.5% 32.00% 
 
$0.0
5  
 
2021 Production 
 
90.0% 19.20% 
 
$0.0
5  
 
2022 Production 
 
90.0% 11.52% 
 
$0.0
5  
 
2023 Production 
 
90.0% 11.52% 
 
$0.0
5  
 
2024 Production 
 
90.0% 5.76% 
 
$0.0
5  
 
2025 Production 
 
90.0% 
  
$0.0
5  
 
2026 Production 
 
90.0% 
  
$0.0
5  
 
2027 Production 
 
90.0% 
  
$0.0
5  
 
2028 Production 
 
90.0% 
  
$0.0
5  
 2029 Production 
 
90.0% 
  
$0.0
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5  
2030 Production 
 
90.0% 
  
$0.0
5  
 
2031 Production 
 
90.0% 
  
$0.0
5  
 
2032 Production 
 
90.0% 
  
$0.0
5  
 
2033 Production 
 
90.0% 
  
$0.0
5  
 
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
                    
Equipment Costs               
         
Equipment Description 
    
Bare Module 
Cost 
 
         
C-100 
  
Fabricated Equipment 
 
$15,071,
500 
  
C-101 
  
Fabricated Equipment 
 
$30,745,
000 
  
E-100 
  
Fabricated Equipment 
 
$7,005,7
00 
  
E-101 
  
Fabricated Equipment 
 
$1,046,1
00 
  
E-102 
  
Fabricated Equipment 
 
$1,416,9
90 
  E-103 
  
Fabricated Equipment 
 
$716,420 
  E-104 
  
Fabricated Equipment 
 
$190,834 
  E-105 
  
Fabricated Equipment 
 
$571,868 
  E-106 
  
Fabricated Equipment 
 
$355,040 
  E-107 
  
Fabricated Equipment 
 
$459,650 
  E-108 
  
Fabricated Equipment 
 
$294,810 
  
E-109 
  
Fabricated Equipment 
 
$1,144,3
70 
  
E-110 
  
Fabricated Equipment 
 
$2,079,5
20 
  E-111 
  
Fabricated Equipment 
 
$139,163 
  E-112 
  
Fabricated Equipment 
 
$144,552 
  P-100 
  
Process Machinery 
 
$176,880 
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P-101 
  
Process Machinery 
 
$70,950 
  P-102 
  
Process Machinery 
 
$33,990 
  P-103 
  
Process Machinery 
 
$28,182 
  
T-100 
  
Fabricated Equipment 
 
$4,950,4
00 
  
T-101 
  
Fabricated Equipment 
 
$3,823,0
40 
  
T-102 
  
Fabricated Equipment 
 
$3,473,6
00 
  
T-103 
  
Fabricated Equipment 
 
$1,443,5
20 
  
V-100 
  
Fabricated Equipment 
 
$3,059,1
50 
  
V-101 
  
Fabricated Equipment 
 
$3,873,5
00 
  V-102 
  
Fabricated Equipment 
 
$924,150 
  V-103 
  
Fabricated Equipment 
 
$564,250 
  
         
         
         
         
         
         
         
         
         
         
         
         
         
Total 
     
$83,803,
129 
  
         Raw Materials               
 
Raw Material: Unit: Required Ratio: 
 
Cost of Raw 
Material: 
 
1 
Marcellous 
Shale Gas lb 29.42 
lb per lb of 
Ethane 
 
$1.080E-
03 
per 
lb 
 
         
         
         
         
         
         
         
         
 
       
 
 
Total Weighted 
Average: 
    
$0.032 
per lb of 
Ethane 
         Byprod
ucts                 
 
Byproduct: Unit: Ratio to Product 
 
Byproduct 
Selling Price 
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1 Residue Gas lb 29.52 
lb per lb of 
Ethane 
 
$1.500E-
03 
per 
lb 
 
2 Propane lb 1.869 
lb per lb of 
Ethane 
 
$0.143 
per 
lb 
 
3 
 
lb 1.81 
lb per lb of 
Ethane 
 
$0.210 
per 
lb 
 
         
         
         
         
         
         
 
       
 
 
Total Weighted 
Average: 
    
$0.692 
per lb of 
Ethane 
         Utilitie
s                 
 
Utility: Unit: Required Ratio 
 
Utility 
Cost 
  
1 
High Pressure 
Steam lb 0.904 
lb per lb of 
Ethane 
 
$8.000E-
03 
per 
lb 
 
2 50 psi Steam lb 10.41 
lb per lb of 
Ethane 
 
$6.000E-
03 
per 
lb 
 
3 Heated Water gal 44.9 gal per lb of Ethane 
$3.000E-
05 
per 
gal 
 
4 Cooling Water gal 19.87 gal per lb of Ethane 
$1.000E-
04 
per 
gal 
 
5 Electricity kWh 0.676 kWh per lb of Ethane $0.070 
per 
kWh 
 
6 Chilled Water ton 0.0019 ton per lb of Ethane $1.500 
per 
ton 
 
7 
Med Pressure 
Steam lb 1.06 
lb per lb of 
Ethane 
 
$0.01 
per 
lb 
 
8 73 psi steam lb 1.34 
lb per lb of 
Ethane 
 
$0.01 
per 
lb 
 
         
 
       
 
 
Total Weighted 
Average: 
    
$0.139 
per lb of 
Ethane 
         Variable Costs               
 
General 
Expenses: 
       
   
Selling / Transfer Expenses: 45.00% 
of 
Sales 
   
   
Direct Research: 60.00% 
of 
Sales 
   
   
Allocated Research: 8.00% 
of 
Sales 
   
   
Administrative Expense: 30.00% 
of 
Sales 
   
   
Management Incentive 
Compensation: 17.50% 
of 
Sales 
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Working Capital               
         
 
Accounts 
Receivable 
 
a 30 Days 
   
 
Cash Reserves (excluding 
Raw Materials) a 30 Days 
   
 
Accounts 
Payable 
 
a 30 Days 
   
 
Ethane 
Inventory 
 
a 7 Days 
   
 
Raw Materials 
 
a 7 Days 
   
         
         Total Permanent 
Investment               
         
   
Cost of Site Preparations: 10.00% 
of Total Bare 
Module Costs 
  
   
Cost of Service Facilities: 5.00% 
of Total Bare 
Module Costs 
  
   
Allocated Costs for utility plants 
and related facilities: $0  
    
   
Cost of Contingencies and 
Contractor Fees: 18.00% 
of Direct Permanent 
Investment 
 
   
Cost of Land: 5.00% 
of Total 
Depreciable Capital 
  
   
Cost of Royalties: $0  
    
   
Cost of Plant Start-Up: 10.00% 
of Total 
Depreciable Capital 
  
         
         Fixed 
Costs                 
 
Operations 
       
   
Operators per Shift: 3 (assuming 5 shifts) 
  
   
Direct Wages and Benefits: $40  /operator hour 
  
   
Direct Salaries and Benefits: 15% 
of Direct Wages 
and Benefits 
  
   
Operating Supplies and 
Services: 6% 
of Direct Wages 
and Benefits 
  
   
Technical Assistance to 
Manufacturing: $60,000.00 
per year, for each Operator 
per Shift 
 
   
Control Laboratory: $65,000.00 
per year, for each Operator 
per Shift 
 
         
 
Maintenance 
       
   
Wages and Benefits: 4.50% 
of Total 
Depreciable Capital 
  
   
Salaries and Benefits: 25% 
of Maintenance Wages and 
Benefits 
 
   
Materials and Services: 100% 
of Maintenance Wages and 
Benefits 
 
   
Maintenance Overhead: 5% 
of Maintenance Wages and 
Benefits 
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Operating 
Overhead 
       
         
   
General Plant Overhead: 7.10% 
of Maintenance and Operations 
Wages and Benefits 
   
Mechanical Department 
Services: 2.40% 
of Maintenance and Operations 
Wages and Benefits 
   
Employee Relations 
Department: 5.90% 
of Maintenance and Operations 
Wages and Benefits 
   
Business Services: 7.40% 
of Maintenance and Operations 
Wages and Benefits 
         
         
 
Property Taxes and 
Insurance 
      
   
Property Taxes and Insurance: 2% 
of Total 
Depreciable Capital 
  
         
 
Straight Line 
Depreciation 
      
 
Direct Plant: 8.00% of Total Depreciable Capital, less 1.18 times the Allocated Costs  
 
     
for Utility Plants and 
Related Facilities 
 
 
Allocated Plant: 6.00% of 1.18 times the Allocated Costs for Utility Plants and Related Facilities 
 
         
 
Other Annual 
Expenses 
       
   
Rental Fees (Office and 
Laboratory Space): $0 
    
   
Licensing Fees: $0 
    
   
Miscellaneous: $0 
    
         
 
Depletion 
Allowance 
       
   
Annual Depletion Allowance: $0 
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2. Cost Summary 
Variable Cost 
Summary                 
 
Variable Costs at 100% Capacity: 
      
          
 
General Expenses 
       
          
  
Selling / Transfer 
Expenses: 
  
 $7,053,880  
   
  
Direct Research: 
  
 $9,405,174  
   
  
Allocated Research: 
  
 $1,254,023  
   
  
Administrative Expense: 
  
 $4,702,587  
   
  
Management Incentive Compensation: 
 
 $2,743,176  
   
          
 
Total General Expenses 
   
 $25,158,840  
   
          
 
Raw Materials $0.031774 per lb of Ethane $9,727,742  
   
          
 
Byproducts 
 
$0.691647 per lb of Ethane 
($211,753,26
6) 
   
          
 
Utilities 
 
$0.139326 per lb of Ethane $42,655,770  
   
          
 
Total Variable Costs 
   
 
$(134,210,91
3) 
   
          Fixed Cost Summary                 
          
          
 
Operations 
        
          
  
Direct Wages and 
Benefits 
  
 $1,248,000  
   
  
Direct Salaries and 
Benefits 
  
 $187,200  
   
  
Operating Supplies and Services 
 
 $74,880  
   
  
Technical Assistance to Manufacturing 
 
 $900,000  
   
  
Control Laboratory 
  
 $975,000  
   
          
  
Total Operations 
  
 $3,385,080  
   
          
 
Maintenance 
       
  
Wages and Benefits 
  
 $5,117,438  
   
  
Salaries and Benefits 
  
 $1,279,360  
   
  
Materials and Services 
  
 $5,117,438  
   
  
Maintenance Overhead 
  
 $255,872  
   
          
  
Total Maintenance 
  
 $11,770,108  
   
          
 
Operating Overhead 
       
          
  
General Plant Overhead: 
  
 $556,072  
   
  
Mechanical Department Services: 
 
 $187,968  
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Employee Relations Department: 
 
 $462,088  
   
  
Business Services: 
  
 $579,568  
   
          
  
Total Operating 
Overhead 
  
 $1,785,695  
   
          
 
Property Taxes and Insurance 
      
          
  
Property Taxes and Insurance: 
 
 $2,274,417  
   
          
 
Other Annual Expenses 
       
          
  
Rental Fees (Office and Laboratory 
Space): 
 
 $-    
   
  
Licensing Fees: 
  
 $-    
   
  
Miscellaneous: 
  
 $-    
   
          
  
Total Other Annual Expenses 
 
 $-    
   
          
 
Total Fixed Costs 
   
 $19,215,300  
   
          
          
          
          
          
          
          
          Investment 
Summary                 
          Total Bare Module 
Costs: 
        
 
Fabricated Equipment 
   
 $83,493,127  
   
 
Process Machinery 
   
 $310,002  
   
 
Spares 
    
 $-    
   
 
Storage 
    
 $-    
   
 
Other Equipment 
   
 $-    
   
 
Catalysts 
    
 $-    
   
 
Computers, Software, Etc. 
   
 $-    
   
          
 
Total Bare Module Costs: 
    
 
$83,803,129  
  
          Direct Permanent Investment 
       
          
 
Cost of Site Preparations: 
   
 $8,380,313  
   
 
Cost of Service Facilities: 
   
 $4,190,156  
   
 
Allocated Costs for utility plants and related facilities: 
 
 $-    
   
          
 
Direct Permanent Investment 
   
 
$96,373,598  
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          Total Depreciable 
Capital 
        
          
 
Cost of Contingencies & Contractor Fees 
 
 $17,347,248  
   
          
          
 
Total Depreciable Capital 
    
 
$113,720,84
6  
  
          Total Permanent Investment 
       
          
 
Cost of Land: 
   
 $5,686,042  
   
 
Cost of Royalties: 
   
 $-    
   
 
Cost of Plant Start-Up: 
   
 $11,372,085  
   
          
 
Total Permanent Investment - Unadjusted 
  
 
$130,778,97
3  
  
 
Site Factor 
     
1.10 
  
 
Total Permanent Investment 
   
 
$143,856,87
0  
  
          
          Working Capital                 
          
      
2018 2019 2020 
 
   
Accounts Receivable 
 
 $579,771   $289,885   $289,885  
 
   
Cash Reserves 
 
 $2,288,382   $1,144,191  
 
$1,144,19
1  
 
   
Accounts Payable 
 
 $(1,937,472)  $(968,736) 
 
$(968,736
) 
 
   
Ethane Inventory 
 
 $135,280   $67,640   $67,640  
 
   
Raw Materials 
 
 $83,952   $41,976   $41,976  
 
   
Total 
  
 $1,149,912   $574,956   $574,956  
 
          
   
Present Value at 15% 
 
 $869,499   $378,043   $328,733  
 
          
 
Total Capital Investment 
    
 
$145,433,14
5  
   
